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SECOND ANNUAL REPORT

OF THK

UNITED STATES GEOLOGICAL SURVEY.

BY J. W. POWELL, .Director.

INTRODUCTORY.

On the llth of March, 1881, Mr. Clarence King retired from 
his office as Director of the Geological Survey. The follow­ 
ing is his letter of resignation:

To the PRESIDENT OF THE UNITED STATES,
Executive Mansion, Washington, D, G.

SIR : Finding that the administration of my office leaves me no time 
for personal geological labors, and believing that I can render more 
important service to science as an investigator than as the head of an 
executive bureau, I have the honor herewith to offer my resignation as 
Director of the Geological Survey.

Tery respectfully, your obedient servant,
CLARENCE KING.

On the 12th of March the above resignation was accepted 
by the following letter:

EXECUTIVE MANSION, March 12,1881.
DEAR SIR: In accepting your resignation, which I do with relnc- 

tance, permit me to express my appreciation of your efficient services 
to the government during your term of office, and my regret that you 
do not find it possible to longer remain in charge of the Geological 
Bureau.-

Very truly, yours,
JAMES A. GAKFIELD.

Mr. CLARENCE KING, Washington, D. G.

On the 14th day of the same month the President nomi­ 
nated John W. Powell, of Illinois, as Director of the Geolog­ 
ical Survey. On the 18th the nomination was confirmed by
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the Senate, and on the 19th the oath of office was adminis­ 
tered to him.

It will thus be seen that at the close of the fiscal year for 
which this report is prepared the Director has held the position 
for less than three and a half months. Under these circum­ 
stances it is thought best that he should not himself give an 
extended account of the operations of the Survey for the year, 
but should publish in lieu thereof the administrative reports of 
the several heads of divisions, which are subjoined.

Coming to the work from a long and successful experience, 
Mr. King elaborated a comprehensive plan of operations and 
vigorously prosecuted the same through the assistance of a 
wisely selected corps of geologists and specialists. It would 
have been fortunate if this work could have been completed 
and published under his administration. As it was, no change 
was made in the plan of operations or methods of investiga­ 
tion. To complete what he had begun was the proper course.

At the close of the fiscal year it is found that a large amount 
of matter is ready for publication. The whole will be issued 
in a series of monographs, prepared by the gentlemen who 
have prosecuted the work in the field. In this volume a 
synopsis of each appears.

The monographs are designed for specialists, and in each 
case present a vast array of facts on which conclusions are 
based.

The summaries present the great facts and conclusions 
reached, in a manner adapted to the reading public of the 
United States.

TERTIARY HISTORY OF THE GRAND CASoN DISTRICT, BY CAPT.

C. E. DUTTON.

The monograph of Captain Button on the Grand Cafion 
District is now nearly ready for the printer. It is the first 
discussion in monographic' form of the results obtained by the 
study of this remarkable region.
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The district was for many years the field of research of the 
present Director. Some of the results of his investigations 
have appeared in the report on the Colorado River and in the 
report on the Uinta Mountains.* The first exploration of the 
country was made by himself; its geographic survey was 
largely made under his own eye ; and to its geologic structure 
he has given years of laborious study During this time he 
hoped finally to present an extended monograph on the district, 
which should be the chief work of his life, but administrative 
duties ever pressed upon him and occupied his time, and the 
wide scope of research under his direction made it necessary 
for him to devote a portion of his energies to other branches— 
especially to geography and anthropology.

During the progress of his geologic investigations new ques­ 
tions in structural and in dynamic geology were presented, 
demanding more -extended examination and re-examination; 
and thus it happened that when the various United States 
geographic and geologic surveys were consolidated the work 
was incomplete. At that time, with his hearty support, Mr. 
Clarence King was made Director of the Survey, and Mr. 
Powell himself, Director of the Bureau of Ethnology.

Thus the present Director was by circumstances taken from 
the field of geologic research so long cultivated by him, and 
placed in a field in which he had intermittently been engaged 
for many years. The change was supposed to be permanent, 
and he gave up all thought of continuing his work as a geolo­ 
gist. The abandonment of his long-cherished hope and ambi­ 
tion caused less regret from the fact that the subject of study 
could be transferred to Captain Dutton, who had been his as­ 
sistant and collaborator for several years, and who had already 
completed a monograph upon an adjoining and intimately re-

* Exploration of the Colorado Kiver of the West and its tributaries. Explored in 
1869, 1870, 1671, and 1872, undei Ihe duechoii of the Secretary ot the Smithsoman In­ 
stitution Washington. Government Piuitmg Office 1875. 2 p 11 pp. I-XI, 1-291, 

.4°.
Department, ot the Intenoi. U. S Geological and Geographical Survey of the Ter­ 

ritories. Second Division. J W. Powell, Geologist in charge. Report on the Geology 
of the Eastern Portion of the Umta Mountains and a region of country adjacent 
thereto. With atlas. By J. W. Powell. Washington: Government Printing Office. 
;876. pp. l-VII, 1-218, 4°.
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lated district—that of the High Plateaus of Utah. Captain 
Button's assumption of the work was a source of special grati­ 
fication because he entertained views substantially identical 
with those of the present Director concerning the physical laws 
and processes which have combined to produce the wonderful 
features of the region.

Scientific men will regret the change even less than the pres­ 
ent Director, for Captain Dutton has pursued wise methods of 
research and arrived at philosophic conclusions that make his 
monograph a great contribution to knowledge.

In his report appearing in this volume, and in the monograph 
soon to appear, he does not undertake to give an exhaustive 
account of the entire range of the geology of the district, but 
limits himself to the discussion of its Tertiary history and of 
the problems of physical geology involved therein. The his­ 
tory and structure of the older rocks offer problems of equal 
interest, and to these the Director hopes to turn his attention 
at no distant day.

Within the district three great groups of facts are presented— 
displacement, degradation, and volcanism. ,

By far the most striking of these is the vast amount of atmos­ 
pheric degradation to which the region has been subjected. 
He arrays the evidences which lead to the conclusion that the 
entire district wherein Carboniferous beds now occupy the sur­ 
face was formerly covered by the whole Mesozoic system found 
in the geologic province, and probably also by the lower 
Eocene, and that these strata, having a thickness of from 8,500 
to 11,000 feet, have been eroded since the middle Eocene 
from the Carboniferous platform.

Progressive uplifting was the accompaniment of this pro­ 
gressive denudation—the uplifting in most localities being more 
than 16,000 feet. With the progressive upheaval the region 
was divided into- blocks by faults and monoclinal flexures 
crossing chiefly in a north and south direction.

This faulting and differential uplifting took place in such a 
manner that the blocks lying between the faults and mono­ 
clinal flexures were rarely themselves greatly flexed or tilted. 
They preserved approximate horizontality, but were uplifted
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in differing amounts, so that a common geologic horizon is found 
at different altitudes in passing from block to block.

The uplifting of these great blocks and the concomitant 
faulting and flexing at their margins or lines of severance were 
at some periods accompanied by volcanic outbreaks, chiefly 
basaltic.

The phenomena of displacement appearing in the uplifting 
of the blocks and in the faulting and flexure at their margins, 
the phenomena of drainage and atmospheric degradation and 
the climatic changes revealed therein, and the phenomena of 
volcanism, have been grouped by Captain Dutton in such a 
manner as to show the progressive evolution of the physical 
features of the region through Tertiary to the present time.

The geologic history deduced is substantially as follows:
From the beginning of the Carboniferous period to the close 

of the Cretaceous the Plateau Province was an area of con­ 
tinuous deposition. In that long succession of periods, from 
12,000 to 15,000 feet of strata accumulated over its entire 
extent. At the close of the Cretaceous, important disturbances 
took place, as a result of which the province, which had been 
a marine area, became a lacustrine area, and for a time Eocene 
lacustrine strata were deposited over the greater part of its 
surface. But at length new displacements began by faulting, 
flexing, and upheaving; the lacustrine area was drained, and 
as the waters receded over its surface a river system was laid 
out.

The configuration of that system was determined by the 
form of the emerging surface. Its trunk was the Colorado, 
and the larger tributaries were in part the longer and more 
voluminous affluents which still exist. Perhaps some minor 
tributaries have been obliterated. The new-made land was 
attacked by the atmospheric agencies of degradation, which 
carried away the greater part of the Cenozoic and Mesozoic 
formations, and the steadily increasing elevation of the country 
accelerated the degradation.

Captain Dutton concludes that the greater part of the denu­ 
dation was accomplished during Eocene and Miocene time, and 
thnt at the close of the latter the Grrand Cation district had lost
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nearly the whole of its Mesozoic strata. From this point of 
time—the close of the Miocene or beginning of the Pliocene— 
is dated the origin of the present Grand Cafion of the Colorado. 
Prior to that time the river had been engaged in cutting through 
8,000 to 10,000 feet of strata which formerly covered the for­ 
mations now seen in the crests of the canon walls. The exca­ 
vation of the present chasm is the work of the Pliocene and 
Quaternary periods.

The paper in this volume, as well as the more formal mono­ 
graph, will be illustrated by drawings and sketches from the 
pencil of Mr. W. H. Holmes, who combines artistic ability with 
wide experience in geologic research. Only the artist and 
geologist combined could have graphically presented the sub­ 
ject in a manner so instructive and beautiful. With the mon­ 
ograph will appear an atlas of maps, sections, and other illus­ 
trations.

THE HISTORY OF LAKE BOHNEVILLE, BY MR. G. K. GILBERT.

Mr. Gilbert's study of Lake Bonneville, the lake which dur­ 
ing Quaternary time occupied the desert basin of western 
Utah, was begun ten years ago, at which time he was attached 
to the geographic corps of Capt. George M Wheeler, of the 
United States Engineers. Since that time his duties as a mem­ 
ber of the Survey of the Rocky Mountain Region have carried 
him repeatedly to the same district and permitted him to con­ 
tinue his study of the ancient lake. He had thus accumulated 
before the organization of the present Survey a considerable 
body of facts, and had already published an outline of the 
subject. As a member of the new organization he has devoted 
his time almost exclusively to this research, complementing the 
material previously gathered and setting at rest the greater 
number of the questions that had been raised. His field in­ 
vestigation was completed last summer, and he is now engaged 
in preparing a monograph on the subject—the principal con­ 
clusions of which are outlined in his paper appearing in this 
volume.
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His work is especially mteie&ting to btudents of the glacial 
phenomena of the Quaternary—not, indeed, becaase he has 
dealt largely with similar phenomena in the Gi eat Basin, but 
because the rise and fall of an inland lake which has no out­ 
let, record in a peculiarly accuiate manner the local oscilla­ 
tions of climate, so that his lesults serve to determine by the 
aid of entirely independent data a succession of climatic events 
coeval with those recoided by the ancient glaciers

The history of Lake Bonneville as deduced by Mr Gilbert 
is as follows

First, the waters weie low, occupying, as Great Salt Lake 
now does, only a limited portion of the bottom of the basin 
Then they gradually rose and spread, forming an inland sea 
nearly equal to Lake Huron in extent, with a maximum depth 
of one thousand feet Then the wateis fell and the lake not 
merely dwindled in size but absolutely disappeared, leaving 
a plain even rnoie desolate than the Great Salt Lake Desert 
of to-day Then they again rose, surpassing even their for- 
mei height, and eventually overflowing the basin at its north­ 
ern edge, sending a tubutary stieam to the Columbia River 
And, last, there was a second recession, and the water shrunk 
away—until now only Great Salt Lake and two smaller lakes 
remain

Translated into terms of climate these changes imply that 
there were two epochs of excessive moisture—or else of excess­ 
ive cold—separated by an inteival of superlative diyness and 
preceded by a climatic penod comparable with the present 
The first epoch of humidity was by far the longer, and the 
second, which caused the overflow of the waters, the more in­ 
tense

A similar study of a similar Quaternary lake has been initi­ 
ated under Mr Gilbeit's direction by Mi 1C Russell, and it 
is intended that the entire district of the Gieat Basin shall be 
subjected to investigations of this natuie If other districts 
prove as instructive as the basin of Lake Bonneville, the cli­ 
matic history of Western America during the last geologic 
penod will become well known

II G A
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GEOLOGY OF THE EUREKA DISTRICT, BY MR. ARNOLD HAGUE.

The field of Mr. Hague's researches, known as the "Eureka 
District," is in Central Nevada, and embraces a tract about 
twenty miles square.

Between the Sierra Nevada on the west and the Rocky 
Mountains on the east lies the Great Basin, broken by a sys­ 
tem of individual mountain ranges usually lying in a north 
and south direction. The general type of its orographic 
structure is quite distinct from that of the mountains on the west, 
the Sierra Nevada and Coast Ranges, and also from the Rocky 
Mountains on the east and the Appalachian of the Atlantic 
region.

In general, the rocks of the Great Basin are known to be 
greatly faulted. The mountains usually consist of uplifted 
and uptilted blocks of strata, severed from_each other and from 
the non-uplifted portions by fault planes; and these blocks are 
complicated with and sometimes masked by formations of vol­ 
canic origin. For the more thorough comprehension of this 
type of structure it is necessary to add to their general examin­ 
ation a special and elaborate study of limited portions. This 
has been well accomplished by the labors of Mr. Hague and 
his assistants.

The Eureka District is a center of important mining opera­ 
tions, and for economic considerations its elaborate and thor­ 
ough study is demanded. The general structural geology must 
be known in order to determine the extent and geologic rela­ 
tions of the ore bodies, and it is proposed to supplement this 
study of its general geology by another of its mining geology.

Mr. Hague's field work in general geology is now completed 
and a monograph upon the subject is in an advanced state of 
preparation. With his executive report he gives a brief sum­ 
mary of its contents, announcing that it will comprise—

1st. A detailed account of the rock formations as exhibited 
on the map and shown in a series of comparative cross-sec­ 
tions.

2d. A detailed description of the great series of Paleozoic 
sedimentary formations, embracing 20,000 feet of strata and
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extending fiom the base of the Cambrian into the upper Coal 
Measure limestone The various escarpments of the faulted 
blocks have afforded excellent opportunities for tracing the 
series and obtaining the lelations of the sedimentary forma­ 
tions

3d An account of some of the moie important movements 
in displacement, by which the formations have been broken 
into blocks and brought into their present positions

4th A histoiy of the Tertiaiy volcanic action with its geo­ 
logic phenomena, an activity which prevailed through a long 
time, dm ing which all the principal types of volcanic rock, 
except trachyte, found then way to the surface

5th A discussion of the relations of the volcanic rocks to the 
sedimentary formations, and oi the connection between the 
great north and south lines of faulting and the lines of igneous 
outburst

6th A statement of the position and geologic horizon of the 
more important propeities of the several mining districts, and of 
the relations of the oie deposits to the Tertiary and pre-Tertiary 
ciystallme locks

An atlas of twelve sheets will accompany the monograph , 
the map being published on a scale of 1,600 feet to the inch, 
with 50 vertical inteivals of 50 feet each between contours— 
a scale large enough to lay down with accuracy the bound- 
dues of the geologic formations and to indicate the lines of 
faulting

The Paleozoic system of the district embiacesthe Cambiian, 
Silunan, Devonian, and Carbonifeious periods, and to repre­ 
sent the several foimations of each, twenty-five coloi distinc­ 
tions are needed, while among the igneous i ocks nine types 
aie lecogmzed and nine colors lequned for representation 
These paiticulars show how elaboiately the survey has been 
made

Mi Hague's report will constitute animpoitant contribution 
to structural geology, will contain valuable information in 
economic geology, and will be the foundation essential to a 
final monograph on the economic geology of the district

This repoit goes to the printer at a later date than that of



XX REPORT O> THE DIRECIOE

Mi Hague's letter in the body of thus volume, and he desires 
me to publish the following statement

Accompanying the report of progress in the Eureka survey will be' 
found a small map of Ruby Hill and the immediate vicinity, in which 
nearly all the more important silver producing mines are situated It 
was prepared from one of the laiger topographic maps, in advance of 
other niiip work, for the purpose of presenting it with the annual letter

By reference to the map (Plate IX) it will be seen that the limestone 
body upon the north and east sides of Ruby Hill, which carries the 
great ore deposits of the Richmond, Euieka Consolidated, and adjoin 
ing mines, is placed upon stiuctural and paleontological evidence m the 
Prospect Mountain limestone, which has been placed in the Cambrian 
period

On this map the Cambrian beds have been carried up in the conform 
able series of quartziteis, limestones, and shiles to include the Eureka 
quartzite at the t>ummit, but since the map was printed it has been thought 
best to draw the line between the Cimbnan and Silurian periods at the 
base ot the Pogonip limestone, between it and the Hamburg shale 
Drawing the hue in this way places the ore bodies of Ruby and Adam 
hills m the Cambrian, while those to the northward in the neighbor 
hood of the Bullwhacker and Wilhamsburg mines are referred to the 
Silurian

GEOLOGY OF LEADVILLE, BY MR S F EMMON8

From the date of itb oigamzation the Geological Survey 
has been engaged in prosecuting investigations in economic 
geology, that is, in researches having m view questions of im­ 
mediate and direct importance to the mining industries oi the 
country All wisely conducted geologic investigations ulti­ 
mately result in a piactical benefit to mining and correlated 
industries The influence of general geology—that is, struct­ 
ural geology, with the aid of paleontology—is indirect, while 
that of mining geology is direct But mining geology is super­ 
ficial and almost valueless unless it has a solid foundation in 
structural geology

The occurrence, magnitude, and value of all ore deposits are 
primarily related to geologic structuie The laws of this 
relation are but partly known, as the science of mineral deposits 
is but impel fectly developed, but every yeai adds new facts,
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and geologists are gradually groping their way into the light 
of a cleai er knowledge of the subject For this reason it is the 
policy of the Survey to conduct both lines of reseaich m every 
special district it attempts to examine

The origin of ore deposits is a question involved in much 
obscunty Its study lequires caieful and accurate chemical 
and mineialogic woik, and involves the expendituie of much 
time and money to obtain tuistwoithy lesults The informa­ 
tion denved fiom actual excavations within the crust of the 
earth is of importance The student of general geology may 
often neglect these in safety, lelying for the observation of his 
facts on the exposures of formations appearing in the escaip- 
ments of mountain gorges, hill sides, canon walls, and banks of 
streams But foi the investigation of the phenomena of ore 
deposits it is necessaiy to penetiate deeply below the present 
surface so as to study in detail the foims, chaiactenstics, and 
lelations of ore bodies beyond the dibtuibing and bewildering 
influence of suiface alteration The study of a single group of 
mines which have been opened to a gieat depth affords moie 
valuable mfoimation than many distncts wheie woi kings have 
penetrated but a few feet below the surface

Foi the above leasons it is the plan of the Suivey to make 
accmate and detailed monographs of single mining distncts, 
selecting first the most impoitant fiom an economic and geo­ 
logic point of view

In pursuance ol this policy Mi S F Emmons with a corps 
of assistants has been engaged in the study of the stiuctural 
and mining geology of a small disti ict of country about Lead- 
ville, Coloiado

The problem piesented at Leadville is one in which the foim 
and extent of the oie deposits are unusually dependent on geo­ 
logic structuie Argentiferous lead oies aie found impregnat­ 
ing a certain bed of dolomitic limestone of Caibomferous age, 
which is overlaid by mtiusive sheets of porphyry of varying 
character and thickness These rich ores are contained in a 
matrix or gangue of non, manganese, and clay, the whole form­ 
ing a vein material which has to a greater or less degree re-
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placed the limestone bed—m some places to such an extent that- 
none of the original sediment lemains

By the forces involved in the uplift of the Mosquito Range, 
in which these deposits aie found, the whole sedmientaiy series, 
including the oie-beaimg limestone, togethei with the intrusive 
sheets of igneous lock, have been folded, faulted, and shatteied, 
and subsequent degradation, acting since the commencement 
of the Teitiaiy penod, has laid baie megulai outciops of the 
ore-beaung stratum These have again been laigely covered 
by an accumulation of surface gravels during and subsequent 
to the Glacial period

In view of such complications of stiuctuie it is not surpris­ 
ing that varying and antagonistic views have been put forth by 
those who have studied different portions of the district with­ 
out possessing a comprehensive view of the whole It has 
only been by a most laborious and painstaking investigation, 
aided by accurate and elaboiate maps, that Mr Klmmons and hrs 
assistants have been enabled to unravel this geologic tangle and 
present in a clear and consistent foim the simple facts which 
underlie the whole

As a result of these labors, the matenal has been gathered 
for a monographic lepoit on the Geology and Mining Industiy 
of Leadville, and its preparation is now in progress Mi Em- 
mons's papei in this volume gives an abstract of the leport and 
presents the general geologic structuie as well as maybe wrth- 
out the aid of the numerous and detailed maps of the final atlas 
In it he has also given the conclusions he has been enabled to 
draw concerning the origin and the manner of formation of the 
ore deposits, and has pointed out then piobable continuance m 
ground as yet unexploied The practical value of these indi­ 
cations to the mrnmg community is evident at once Theie 
seems good reason for assuming that hitherto only a small pro­ 
portion of the ore-bearing area has been developed, and that 
by a systematic and lational system of exploration, based on 
the data to be f ui mshed by the maps and explanatrons of the 
report, the pie&ent output of the district may be kept up, and 
even rncreased, for many years to come

Mi Emmons's views of the origin and manner of formation



REPOET OF THE DIEECTOE. XXIII

of the deposits differ essentially from those generally held, but 
although novel, they are not simple theories. They are substan­ 
tiated by facts and actual investigations which will be explained 
in full in his report. He concludes that the metallic minerals 
of the deposits were originally contained in the associated por­ 
phyries in a finely disseminated condition—only to be detected 
by the most delicate tests. Percolating waters gathered them, 
little by little, and deposited them in the limestone bed, dis­ 
solving out the limestone by chemical interchanges This took 
place before the movements which disturbed the beds, and the 
deposits were originally all sulphides Subsequently (by the 
agency of water from the surface) the sulphides were gradu­ 
ally changed to the carbonates, chlorides, and oxides now found 
in the mines. These are comparatively near the surface, and 
when those portions of the deposits which have been less 
exposed to the action of surface waters are reached the propor­ 
tion of sulphides will be found to increase and the ores may 
become poorer in silver than those near the outcrops, where a 
sort of natural concentration process has been going on.

Whatever maybe the judgment of the scientific world upon 
Mr. Emmons's theoretic deductions, his monograph will prove 
of great practical value for the future development of the 
metallic wealth of the Rocky Mountains, since the extent of 
this hitherto little studied class of deposits—of which Leadville 
may properly be considered the type region—is- probably far 
greater than has heretofore been suspected, and a knowledge of 
their true character w.ill greatly further their development.

Mr. Emmons's work will also be a valuable contribution to 
structural geology. The area surveyed presents a series of 
sedimentary formations and laccolitic igneous intrusions, the 
whole broken by faults and flexures into blocks which are tilted 
and twisted in diverse directions; and the general structure 
of the country in all its important details has been carefully 
studied and will be delineated in his report.
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GEOLOGY OF THE COMSTOCK LODE, BY MR G. F. BECKER

The Comstock Lode is in every respect a remarkable -occur­ 
rence. The fact of its enormous production is familiar, but it 
is not equally well known that its vertical workings are carried 
to a greater depth than any in the world except those of Przi- 
bram, in Bohemia. It also presents scientific problems of equal 
obscurity and interest, which have attracted great attention 
It would be a reproach to American geology to leave the char­ 
acter of so prominent a mining district unsettled, and the pres­ 
ent investigation was undertaken in the hope that the addi­ 
tional facilities presented by the great extension of the mine 
workings during late years and by recent advances in science 
would permit a move satisfactory solution than has yet been 
reached.

Mr. Becker has reopened the discussion of propylite, a rock 
the existence of which as an independent species was asserted 
largely in consequence of its supposed occurrence in this local­ 
ity, and aided by the use of the microscope as a field instru­ 
ment, he has come to the conclusion that the rocks classed 
under this name in the Washoe District are merely decomposed 
forms of rock species previously known.

The Comstock mines show temperatures which are not 
known to exist in any other workings in the world. The heat 
has ordinarily been ascribed to volcanic action, but of late 
years has been attributed to kaolinization of feldspar. Ob­ 
servations and experiments have been made to test the ques­ 
tion, and the results are not in favor of the kaolinization hy­ 
pothesis. No rise of temperature could be clearly traced to 
this action, while the vertical and horizontal curves of heat- 
increment indicate that the source of heat is at a distance of 
more, than two miles from the surface. It appears to have 
been transmitted to the surrounding rock bodies laterally from 
the walls of the lode. There is also strong evidence that this 
action was, and to a trifling extent still is, accompanied by the 
presence of the gases characteristic of the hot springs which- 
attend volcanic eruptions, and Mr. Becker reaches the conclu-
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«ion that the immediate neighborhood of the Comstock lode 
must be considered as a solfatara, now almost extinct

The rock forming the east wall of the lode was found, when 
fresh, to contain small quantities of the precious metals—quan­ 
tities which are continually reduced by decomposition The 
facts accord well with the supposition that the ore was deposited 
by "lateral secretion" at or near the contact between the dio- 
rite (foot wall) and the diabase (hanging wall). It is on this 
contact that all the important ore bodies have been found, and 
the inference is unavoidable that the future discovery of remu­ 
nerative ore elsewhere is most unlikely. This forms a practical 
guide of the utmost importance in the workings of the mines, 
for of late the yearly expenditure on the Comstock in prospect­ 
ing where there was no chance of finding ore would suffice for 
the support of the Geological Survey for a decade. It is pointed 
out that explorations should be confined to the neighborhood of 
this contact, and the conditions under which masses of the re­ 
munerative ore, or bonanzas, are likely to be encountered, are 
considered.

The report also contains discussions of some physical ques­ 
tions of interest. Veins usually occur on faults, and Mr. Becker 
shows that where faulting is accompanied by horizontal com­ 
pression the results can be mathematically discussed. He thus 
explains certain topographic features as the result of faulting.

At Mr. Becker's suggestion, and under his direction, Dr. Carl 
Barus has investigated the electric activity of ore bodies, both" 
at the Comstock and at the lead-silver mines in Eureka. The 
results are interesting from a theoretic point of view, and afford 
hope that in certain classes of mines essential aid may be ren­ 
dered in prospecting by an examination of the electric isopo- 
tentials.

Mr. Becker arrays a large body of facts in explanation of the 
relation of ore bodies to the containing,formations; of facts 
relating to general structure produced by faulting; of facts 
relating to the metamorphism of the rocks and the paragenesis 
of minerals and ores; of facts relating to earth temperature and 
its laws of increment; of facts relating to electric phenomena; 
and of facts relating to the general structure of the mountain. 
The report will be an important contribution to mining and
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structural geology, and will play no small part in the estab­ 
lishment of sound theories respecting ore deposits and geologic 
dynamics.

STATISTICS OF IRON, COAL, &C., BY PROF. RAPHAEL PUMPELLY.

In the organization of the Survey a division in charge of 
Professor Pumpelly was entrusted with the gathering of statis­ 
tics relating to the mines and mining of the non-precious metals, 
coal, and lesser mineral substances. Its work has consisted, 
first, in gathering statistics of mines and mining; second, in a 
special investigation of the iron ores of the United States, both 
in the field and in the laboratory; and third, in the study of 
the distribution and character of the copper-bearing rocks of 
Lake Superior.

The collection of the statistics was performed in co-operation 
with the Tenth Census, and involved the canvassing of 10,440 
mining establishments. At each the inquiry was made to cover 
a wide range of topics, including capacity, production, value 
of product, subdivision of labor, capital, material consumed, 
cost, power, accidents and insurance, destination and adapta­ 
tion of product; and the great majority of establishments were 
visited in person by agents of the joint organization.

The investigation of the iron ores involved the collection of 
commercial samples from most of the iron-ore deposits of the 
United States. These samples were taken to show the average 
chemical constitution of the product for the census year, and 
wherever it was important the separate portions of the deposit 
were sampled in order to show the bearings of the different 
portions upon the chemical character of the whole output. 
Each sample consists of several thousands of pieces, and 
weighs from ten to twenty pounds, and they number more 
than thirteen hundred. All these have been, or. will be, 
analyzed, excepting those from Pennsylvania, for which state 
it has been decided to adopt the results of the State Geological 
Survey. The analyses are made for the most part to deter­ 
mine the amount of iron, phosphorus, and sulphur, but in every
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district the more important and typical are also being subjected 
to an exhaustive analysis. The results of this work will show 
not only the amount, of ore produced in each district but also 
its quality and adaptation.

As this volume goes to press the compilation and digestion 
of the mining statistics have reached such a stage that Professor 
Pumpelly is enabled to report the most important totals. The 
following tables give the grand summaries for the non-precious 
metals, coal, and lesser mineral substances, for the year ending 
June 1, 1880. Table I presents the production and a variety 
of collateral data for the United States as a whole. Table II 
shows the amount and value of each mineral produced by each 
state.

TABLE I.—Condensed Statement of Statistics of Regular Mining Establishments for the
United States, by Substances.

1880

Bituminous coal ... -
Anthracite coal.... ....
Iron ore ........
Copper ore . .... - .....
Lead and zinc ore . ...
Minor minerals . --.

Total . -- ......

1880

Bituminous coal - - ....
Anthracite coal . . .....
Iron ore . - . . . . .....
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TABLE II — Quantities and values of mineral production, by Stales and Substances.

State

Alabama - . . 
Alaska Ten itory 
Ai izona Territory 
Alkansas ....

Colorado . 
Connecticut . .

Georgia . . . 
Idaho Territory - 
Illinois .

Montana Territory

New Hampshire 
New Jersey - 
New Mexico Ter'y. 
New York . . .

Ohio ...... . . ..

Pennsylvania . . - 
Rhode Island . . .

T<.nnessee . . .

Vuginia..... 
Washington Ter'y

Wisconsin 
Wyoming Ter'y

Total ........

Anthracite coal

Tons

28,612,595 
6,176

2,600

28,621,371

<D
P

£

Dollars

::::;•

• - - --

42,116,500 
15,440

'- -

7,800

42,139,740

Bituminous coaL

Tons 
822,034

14,778 
236,950 
462,747

154,644

6,089,514 
1,449,496 
1,442,333 

763,597 
935,857

2,227,844

100,800 
543,990 

224 
200

350 
5,932,853 

43,205 
18,075,548

494,491

40,520 
145,015 

1,793,570

589,595

41,860,055

CDa 
>

Dollars 
475,559

33,535 
663,013 

1,041,350

231,605

8,739,755 
2,143,093 
2,473,155 
1,418,168 
1,123,046

2,584,455

224,500 
1,037,100 

800 
750

400 
7,629,488 

97,810 
18,267,151

628,954

92,837 
389,04b 

1,971,847

1,080,451

52,427,868

Iron Oie

Tons 
184,110

35,018 
2,726 

72,705

33,522 
6,000 

57,940 
62,637 

1,834,712 
386,197

754,872

1,239,759 
3,276 

198,835 
6,972 

1,820,561

89,933

560 
169,683

60,371 
41,440

7,061,829

o a
£

Dollars 
189,108

147,799 
6,553 

120,692

88,930 
9,000 

118,050 
226,130 

6,034,648 
1,674,875

-

2,900,442

3,499,132 
5,102 

448,000 
, 4,669 
4,318,999

129,951

2,750 
384,331

88,595 
73,000

20,470,756

Lead ore

Tons

772

384 
10,681

28,315

60

11,200

1,728

63,140

£B
_B

l>
Dollars

30,200

19,172 
400,980

1,478,571

2,500 

33,000 

78,525

2,102948
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TABU; II.—Quantities and values of mineral production, by States and Substances.—Cont'd.

State

Alaska Territory . 
Arizona Territory

Idaho Territory .

Kansas -- - ..- 
Kentucky - - 
Maine ..... 
Maryland . . 
Massachusetts 
Michigan .... ... 
Missouri .... 
Montana Territory .

New Hampshire - 
Now Jersey . - 
New Mexico Ter'y 
New York .. 
North Carolina .

Pennsylvania .... 
Rhode Island - -.

Tennessee

Virginia . . 
'Washington Ter'y 
West Virginia 
Wisconsin 
Wyoming Ter'y .

Total ..... ..

Zmc ore

Tom

..... .

3,000

7,248 

672 

34,344

39,381

20,459

3,699

10,448 

4,617

123,868

<g 

1

DoUars

... ..

39,000

477,693 

7,200 

- 599,373

451,070

394,568

22,145
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The returns of lead and zinc reduced to the metallic state 
in smelting establishments are as follows:

LEAD.
Pounds. 

Smelted from ores .................. ................................. 66,970,838
Refined from base bullions, the principal value of which was silver..... 95,967,267

Total yield of metallic lead in census year............ ........... 162,938,105

ZINC.
-s-

Metallic zinc or spelter .................................... ........... 46,477,999
Zinc oxide produced in chemical works from ore 20,213,631 pounds, equiva­ 

lent to metallic zinc................................................. 16,203,460

Total metallic zinc, census year..."........ ...................... 62,681,459

The grand total of the production of the non-precious 
metals—bringing together the regular industrial production, 
the irregular-production, and the production as a bye-product 
in precious-metal mining—is as follows:

Tons. Value
Ailthracite coal, regular product...................... 28, C21,371 $42,139,740
Anthracite coal, irregular product .................... 28,441 56,938
Bituminous coal, regular product..................... 41,860,055 52,427,868
Bituminous coal, irregular prodnct.................... 916,569 1,092,305

Total coal...................................... 71,426,436 95,716,851

Iron ore, regular product.................. .......... .7,061,829 20,470,756
Iron ore, irregular product ............ ... .......... 909,876 2,686,201

Totaliron ore ................................ 7,971,705 23,156,957

Metallic copper ............................ ........ 54,172,017 9,458,434
Metallic lead ..... ............. ................... 162,938,105 7,935,140
Metalliczmc ........................................ 62,681,459 4,240,006
Minor minerals..-...........-.......----..........---..-... ..... ..... 3,387,444

Total value of all non-precious mineral product.................. 143,894,832

Three of Professor Pumpelly's assistants will publish ex­ 
tended reports on the investigations specially assigned them— 
Mr. Charles F. Johnson, jr., on the collation of the statistics, 
Mr. Andrew A. Blair on the analysis of iron ores, and Dr. R. 
D. Irving on the Lake Superior Copper Eegion.

Mr. Johnson's report will set forth in a comprehensive way 
the scope of the mining census so far as the non-precious 
metals, coal, and the minor economic minerals are concerned; 
will describe the methods employed in gathering the informa-
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tioii, including the various checks to which the completeness 
and accuracy of the work were subjected; will place on record 
the methods of compilation employed, and will discuss a por­ 
tion of the results.

Mr. Blair's report on the iron ores will consist chiefly of 
tabulated statements of the quantitative results of the analyses, 
but will contain also a description of the analyses themselves, 
explaining in great detail both the mechanical processes by 
which the various' samples were treated preparatory to chemical 
analyses and the chemical processes employed to obtain quan­ 
titative results. The number of samples is so great that it is 
of the utmost importance not only that the methods of analysis 
are the best known to science, but that a full and permanent 

-record be made of the actual processes; and minute descrip­ 
tions of all the steps cannot fail to be of great service to science. 
As an incident to his work, Mr. Blair has made an elaborate 
investigation of the various methods in~use for the determina­ 
tion of the percentage of phosphorous in iron ores, and his 
report will contain an historic and comparative discussion of 
the subject.

THE COPPEE-BEARING EOCKS OF LAKE SUPEEIOE, BY DR. E. D.

IRVING.

The copper-bearing beds of Lake Superior have excited 
much interest and received an equal share of discussion. The 
diversity of opinion in regard to them, which has occasioned 
the discussion, is owing largely to two facts—first, that their 
exposures occur in a country densely wooded and but sparsely 
settled, so that the well-known localities are of limited extent; 
and, second, that no one geologist has obtained a personal 
acquaintance with all the known exposures. It is only recently 
that they have been extensively explored.

One of. the latest contributions to our knowledge of them 
was made by Dr. R. D. Irving as a member of the Wisconsin 
Geological Survey, and he has devoted the past year, under the
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auspices of the United States Geological Survey, to an explora­ 
tion intended to complement his knowledge and render possi­ 
ble a general discussion of the nature and distribution of the 
rocks. His field work is now practically complete, and his 
report, constituting one of the monographic series of the Sur 
vey, will shortly be ready for the printer.

It will embrace—a brief account of his own explorations and 
of the work and views of those who have preceded him; a 
chapter on the general nature and extent of the copper-bearing 
series; a chapter on the lithology of the series, including the 
tabulated results of a microscopic study of some 800 sections; 
a chapter on the general stratigraphy of the series; full 
descriptions of all local developments of the rocks throughout 
their whole extent; a discussion of their relations and the sev­ 
eral associated formations ; a discussion of the structure of the 
Lake Superior Basin; a brief description of the mode of occur­ 
rence of the copper, accompanied by general economic con­ 
clusions; and a summary of theoretic conclusions as to the 
origin and structural relations of the formation.

The geographic extent of the series, now for the first time 
known with an approach to completeness, will be given for 
the basin of Lake Superior proper, with an extension into the 
valley of the Upper Mississippi, embracing an area of about 
41,000 square miles; and to this will be added a resume of 
recent explorations in Canada.

The total rock thickness of the series is very great, amount­ 
ing in some localities to upwards of 40,000 feet. Of this, 
25,000 to 30,000 feet belong to a lower division, mainly made 
up of lava flows, with more or less interbedded detrital material, 
of which the characteristic beds are conglomerates; and the 
remainder to an upper division, which is wholly detrital or 
nearly-so. The subordinate statigraphy of the lower division 
is from the nature of the case not constant; yet certain broad 
facts have been made out which obtain throughout the extent 
of the formation.

The fragments of which the conglomerates are composed are 
found by Dr. Irving to be of three types of acidic rocks, be­ 
tween which there are gradations These are: (1) A non-
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quartziferous porphyry; (2) A quartziferous porphyry; and 
(3) Certain granite-like rocks, including a syenite, a granitic 
prophyry, and a true granite. The origin of these pebbles has 
long been a matter of speculation, the common opinion being 
that they have been worn from rock masses included in the 
Huronian; but Dr. Irving finds their original beds in the cop­ 
per series itself, of which they form a prominent feature, al­ 
though subordinate to the basic rocks in quantity.

The porphyries, which are more abundant than the grani­ 
toid rocks, occur in great beds that are relatively thick and of 
small lateral extent as compared with those of the predomi­ 
nant basic rocks. The granitoid varieties appear chiefly in the 
form of veins. All are regarded by Dr. Irving as ancient rhy- 
olites and trachytes, from the degradation of which the con­ 
glomerates of the series have resulted.

The basic rocks of the series are conspicuously of eruptive 
origin, and for the most part have originated as lava flows— 
that is, they were extravasated at the time of their formation 
upon the then existing surface of the country. Some of the 
more coarsely crystalline beds may be intrusive, but this does 
not appear probable. They range from 45 to 60 per cent in 
their silica content, and thus include kinds exhibiting interme­ 
diate acidity as well as true basic kinds. Indeed, microscopic 
study shows a complete gradation from the most basic to the 
most acid. Thus, in this region of ancient eruptions, as in 
modern volcanic regions, three kinds of eruptive materials— 
basic, intermediate, and acidic—present themselves. Here, 
however, the chronologic succession of intermediate, acidic, 
and basic, which has been made out for so many modern vol­ 
canic regions, is announced by Dr. Irving not to obtain He 
finds the most acid rocks occurring in veins traversing the most 
basic, and again in flows overlying them; while the basic rocks 
in turn overlie the acidic, and the intermediate varieties are 
scattered through the series.

One of the most important conclusions of the paper pertains
to the general structure-of the Lake Superior basin. Foster
and Whitney first pointed out the synclinal-like appearance of
the lake basin between Isle Royale and Keweenaw Point.

m G A
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Twenty-five years afterwards Dr. Irving showed that this syn­ 
clinal extends westward into northern Wisconsin, and later, in 
conjunction with Messrs. Sweet and Chamberlin of the Wis­ 
consin Survey, described its position and shape in this region 
more fully. Now he is able to announce that the entire lake 
basin, including not only the western half but the eastern 
as well, is a great synclinal depression; that this depression 
certainly affects the 'copper-bearing rocks throughout their ex­ 
tent, except in the Neepigon Lake basin; that it as certainly 
affects^ in very large measure the underlying Huronian; that 
the axis of this depression has, like that of the lake itself, at 
first a northeasterly direction and then a southeasterly, with 
minor bends corresponding to the several bends, of the axis of 
the lake; that the eastern termination of the depression is buried 
beneath the newer formations in the vicinity of the Saulfc Sainte 
Marie; that its western extension passes on to the south shore 
of the lake with a course curving more and more to the south­ 
ward, until at the western termination in the Saint Croix Val­ 
ley it lies nearly north and south; that in the regions of the 
Porcupine Mountains, and of the "Copper Range" of Douglas 
County, Wisconsin, there are minor folds superinduced upon the 
great synclinal; and that in both of these regions, as also on 
the south side of the Keweenaw Point Range, there are further 
complications due to faulting.

Dr Irving's discussion of the chronologic position of the 
copper-bearing series is full, and his principal conclusions are 
definite. The series is older than the Cambrian and younger 
than the Huronian—the separation from the former being by 
an intervening disturbance and erosion, and from the latter by 
an intervening erosion and possibly also by an intervening 
folding- and alteration.

PEECIOUS-METAL STATISTICS, BY ME. CLABENCE KING.

In this work, which properly comes within the province of 
the Geological Survey, but which forms a special branch and 
should be conducted by a distinct corps of assistants, Mr.
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King was enabled to lay a broad foundation by assuming 
charge, at the request of the Superintendent of Census, of 
the precious-metal statistics for the Tenth Census The direct 
supervision of this work in the district west of the 100th me­ 
ridian, where the greater portion of the precious metals are 
produced, was assumed by Messrs. Emmons and Becker in 
their respective divisions. The scope of the investigation is 
not limited to the quantity of production of the metals, but 
involves also all the technic questions connected with mining 
and the reduction of ores; and in the same connection a large 
body of geologic data has been gathered. Probably never has 
so elaborate a series of technic data been obtained in regard 
even to special mining districts as is now in the possession of the 
Survey with regard to the mining industry of the whole country.

The work of compilation and tabulation" is now progressing 
rapidly under the efficient management of Mr. A. Williams, jr. 
As a-specimen of the character of the results, an abstract is 
given in this volume of the "Production of the Precious Metals 
in the United States for the year ending May 31, 1880."*

An examination of the table shows that while the Com 
stock Lode, the great producer of the country, has a greatly 
decreased output, this loss is compensated by a corresponding 
increase in other districts, notably the Leadville of Colorado. 
As a whole, the mining industry of the country is in a healthy 
state, and the product of the precious metals in the future 
promises to show a regular and permanent increase.

The paper in this volume on the production of the precious 
metals in the United States gives in brief the results of the 
first systematic attempt to procure, synthetically, from the 
actual producers, complete statistics of the bullion yield of the 
country. It is published in advance of the forthcoming tech­ 
nic report upon the mining industry, which will embrace the 
investigations conducted in that field by the United States 
Geological Survey, consisting of examinations of 1,967 deep 
mines, 325 placer mines, 327 amalgamating mills, concentra­ 
tion works, chlorinatioh and leaching establishments, etc., 86 
smelting works, and 25 arrastras.

* Published as a Census Bulletin
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This final report will contain a discussion of the distribution 
and exploitation of the precious-metal mines, with the topo­ 
graphic and geologic questions involved; machinery and ap­ 
pliances; accidents; the various mechanic and metallurgic 
processes involved in the reduction of ores; and an inquiry 
into the relations of capital, labor, power, supplies, and trans­ 
portation, in mining, based upon the abundant data already 
collected and now in process of compilation.

The output for the year ending May 31, 1880, was $33,379,- 
663 goldand $41,110,957 silver, a total of $74,490,620 (coining 
value). Although these figures are somewhat less than those 
reached in three or four exceptional years, they represent a 
yield considerably higher than the average annual product; 
while the outlook for the future is most encouraging. From 
the beginning of mining operations in 1804 up to the above 
date, over a billion and a half of gold, _and nearly half a 
billion of silver were produced. The vast importance of this 
element of the national resources is shown by the fact that 
one-third of the gold and one-half of the silver yearly pro­ 
duced in the world are mined within our borders.

The leading mining States are Colorado, California, and Ne­ 
vada, followed by the Territories of Utah, Montana, Dakota, 
Arizona, and Idaho, in the order named. The proportionate 
amounts of gold and of silver furnished by each vary greatly. 
Thus, while Colorado produces 40 per cent of all the silver 
of the United States, she yields but 8 per cent of the gold. 
California, on the other hand, the source of over half of the 
gold, yields less than 3 per cent of the silver. A similar di­ 
vergence is observed in other portions of the mining region; 
the two precious metals occurring side by side, but often in 
widely disproportionate quantities.

The study of the relation of production to population de­ 
velops some curious figures, ranging from an average of one 
mill per capita in Alabama to $278.14 per capita in Nevada, 
the intervening series indicating with great precision to what 
extent mining is a factor of wealth in the several localities

The product per square mile varies from one cent in the 
case of Alaska to $185.20 in that of Colorado, the intermedi-
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ate averages forming another standard of developed richness 
in the precious metals, from a different point of view, but 
roughly corresponding to that of the relation of production to 
population.

An examination of the tenor of placer gold has resulted in 
fixing the average fineness for the United States at .876; and 
it is found that the placers produce over $100,000 of silver an­ 
nually, in alloy with the gold—an item hitherto disregarded 
by statisticians.

Carefully prepared conversion tables of fine metal by 
weight into its equivalent in money, and conversely from dol­ 
lars to ounces, are appended-"in"viewv of their utility to metal­ 
lurgists and others. A series of graphic charts is also added, 
illustrating some of the more striking comparisons and deduc­ 
tions reached in the statistic compilation.

During the fiscal year, Mr. W. R. Eckart, with a number of 
assistants, has been engaged in preparing a monograph on the 
mechanic appliances used in mining and milling on the Corn- 
stock Lode. When his work is completed it will be found of 
much practical value to all persons engaged in exploiting deep 
mines.

niSTOKY OF THE COMSTOCK LODE, BY MB. ELIOT LOUD.

The bodies of ore found in the Comstock Lode have led to 
the development of a group of-mines of greater magnitude, 
importance, and interest than any other known in history. 
The value of the product, the depth to which the mines have 
been worked, the internal heat discovered, the geologic rela­ 
tions of the ore bodies, and the machinery developed under 
the stimulus of enormous profits, render the study of the lode 
one of prime importance to political economists. In addition 
to the monographs previously referred to, another by Mr. Eliot 
Lord is in course of preparation, having for its tlienie the his­ 
tory of the discovery and exploitation of- these mines, the 
growth of the industries resulting therefrom, and the develop­ 
ment of mining law to which these industries gave rise.
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This history is the story of the birth of the silver-mining 
industry in this country and the record of a struggle which has 
materially affected the mining interests of the world. Its scenes 
present the toil of placer miners in an isolated canon, the 
search of prospectors for silver, the chance discovery of the 
greatest lode ever cut by a miner's pick, the odd immigration 
called tersely " the rush to Washoe," the original method of 
locating and recording mining claims under crudely drawn 
and inapplicable mining laws, the extraordinary litigation aris­ 
ing therefrom, the anarchic condition of a turbulent mining 
camp and its ultimate crystallization into a thriving city.

In the prosecution of his study Mr. Lord has not only 
availed himself of the copious documentary data contained in 
the principal libraries of California and Nevada, but has taken 
great pains 1o "familiarize himself with all modern phases of the 
local mining industry and mining life, and has been enabled 
to draw a large share of his material from the very individuals 
by whom were enacted the eventful history he records. It is 
believed that his work will be accepted as a trustworthy con­ 
tribution to the history of the growth of the mining industry 
of this country.

NEW METHOD OF HYPSOMBTRY, BY MR. G. K. GILBERT.

Mr. Gilbert's paper on the measurement of heights by means 
of the barometer is the only contribution to this volume which 
is not the avant courier of a more extended memoir.

Not only the present Geological Survey but its predecessors 
in the same field have been compelled to make maps for their 
own use, and in this way have come to perform an amount of 
geographic work which has proved even more expensive than 
the -geologic investigations to which it is accessory. Although 
a geologist by profession, Mr. Gilbert has been called upon from 
time to time, and especially as a member of the Survey of the 
Rocky Mountain Region, to conduct geographic work, and 
this paper is the embodiment of the results of a series of in­ 
vestigations initiated in connection with those duties.
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The new method of hypsometry which he develops is so 
simple and direct that it appears strange its discovery should 
have been so long delayed. Up to the present time it has 
been put in practice in a single instance only, but in the future 
work of the Geological Survey it will be adopted.

In the measurement of heights by means of the barometer 
that instrument is used simply as a scale for the weighing of 
the atmosphere, or rather for ascertaining the pressure imposed 
by the air. Two barometers are always employed, one being 
placed at a point at which the height is known and the other 
at a point whose altitude is desired. Each tells the weight of 
the -superimposed atmospheric column, and the difference 
between these two measurements gives the weight of the differ­ 
ential column or of the column of air extending from the lower 
station up to the level of the higher. Knowing the weight of 
the differential column, it would be a simple matter to com­ 
pute its height if its density were known. But the density of 
the air is not uniform and its variability depends upon a num­ 
ber of conditions, chief among which are its temperature and 
the amount of moisture it contains In all the earlier prac­ 
tice it has been the custom to investigate its density by means 
of observations of its temperature and of the percentage of 
aqueous vapor, but the results have never been satisfactory.

In the method proposed by Mr. Gilbert three barometers are 
used instead of two, and two of these are placed at points whose 
heights are known, the third being read at the point to be de­ 
termined. From the reading of the two barometers at the points 
of known height the weight of the intervening air column is 
deduced; and both the weight and height of the column being 
known, its density is computable. The density thus derived 
is then used in the computation of the height of a second col­ 
umn of air contained between one of the known points and the 
point to be determined.

To those who are familiar with hypsometric computations 
this direct method commends itself at once as preferable on 
theoretic grounds to the indirect methods it proposes to super­ 
sede. But Mr. Gilbert has not contented himself with a mere 
a priori presentation. He has submitted his method to a series



XL REPORT OF THE DIRECTOR.

of rigorous tests, comparing, it by an extended series of com­ 
petitive computations with the best hypsometric methods in 
use, and the result leaves no room to doubt that he has made 
an important and immediately practical contribution to geo­ 
graphic science.

In the course of his investigations he has incidentally made 
a discovery which appears to be of some moment in meteor­ 
ology, as well as in hypsometry. In discussing a series of 
barometric observations made upon Mount Washington he 
detected some anomalous fluctuations of the barometer, which 
he was enabled finally to trace to the influence of the wind 
upon the tension "of the air in the observatory, and this influ­ 
ence was found to be so great during the prevalence of gales 
as utterly to vitiate the record of the barometer.

He has not carried his inquiry so far as to ascertain the best 
means of eliminating the errors thus caused; but the nature 
of the difficulty having been pointed out, the invention and 
application of remedial appliances will certainly follow, and 
eventually the accuracy of barometric observations will be 
materially enhanced.

PLAN OF PUBLICATION.

The great and elaborate investigations forming the basis of 
the monographs thus described were planned and prosecuted 
under the direction of Mr King, and in justice to him his name 
will appear on the publications as Director of the Survey. 
Only the publication of the material will belong to the admin­ 
istration of the present Director, and his responsibility covers 
merely the form in which the work is presented to the public.

In providing for the publication of this large body of mate­ 
rial, it seemed wise to adopt a common system of general 
nomenclature, a uniform color scheme for geographic geology, 
a system of conventional characters for diagrams, and a form 
for geologic and topographic charts and atlases. After a sur-
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vey of the field with such thoroughness as time would permit, 
the conclusions presented below were reached.

On the 26th of September nest a congress of the geologists 
of the world will assemble at Bologna, Italy, to confer on this 
subject It is unfortunate that advantage cannot be taken of 
the deliberations of so great a body of savants in the publi­ 
cation of these monographs, but the exigencies of the work 
will not permit of longer delay even for so important a pur­ 
pose. The following remarks on this subject will be transmit­ 
ted to that body:

GENERAL, CONSIDERATIONS.

The literature of geology has grown to large proportions. 
To obtain a detailed and comprehensive knowledge of the 
reported facts and the discussions based thereon is a task of 
magnitude. In territories governed by civilized nations geo­ 
logic research is actively prosecuted, and geologists are pene­ 
trating the lands inhabited by savage and barbaric tribes; and 
thus a large body of men are engaged in geologic investiga­ 
tions. From year to year more refined methods of study are 
introduced, and new classes of facts are discovered; and the 
old fields are ever becoming new fields for examination.

So the literature, already great, is rapidly increasing, and its 
prospective magnitude is such as to demand of geologists the 
adoption of all methods and devices that will secure economy 
of time and thought to scholars and students.

The adoption of a nomenclature is to an important extent 
an attempt to establish the categories of classification; but 
every stage in the progress of knowledge is marked by a stage 
in the progress of classification, and any attempt to fix perma­ 
nently the categories for a nascent science must be futile. In 
so far, then, as proposed uniform methods of nomenclature 
and representation are designed to establish the fundamental 
categories, no good can be accomplished. On the other hand, 
useful results can be obtained by the employment of a uniform 
nomenclature and system of representation in the presentation 
of like facts. From time to time new classifications will be
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advanced, and new terms for more i-efined distinctions must be 
multiplied yaripassu with the growth of the science, but diverse 
terms for the same classes and distinctions should be eradi­ 
cated. A multiplication of means for like purposes in the pre­ 
sentation of scientific subjects is a characteristic of low devel­ 
opment, in the same manner as is the multiplication of organs 
for like purposes in a living being. Economy of time and 
thought is the goal to be attained.

In the United States Geological Survey a few rules have 
been adopted-relating to general geologic nomenclature, cartog­ 
raphy, and diagrams. This has been done after a somewhat 
careful consideration of the history and present status of the 
science in America, and under guidance of the principles enun­ 
ciated above. These rules and the more immediate reasons 
for their adoption will be briefly set forth.

GENERAL NOMENCLATURE.

The publication in 1862 of Dana's Manual of Geology was 
an important epoch in the progress of this science in America. 
Its effect was more thoroughly to organize and correlate the 
work of many men scattered widely over a territory stretching 
from the Atlantic to the Pacific. This was accomplished by a 
masterly presentation of the known facts of American geology 
and by seizing upon the best methods of presentation devel­ 
oped by the leading geologists of the country.

In respect to the nomenclature of geologic formations, or 
the succession of groups of strata and beds recognized by 
American geologists, a general scheme was given, based upon 
American practice, which has been widely accepted. In a later 
text-book by Mr. Le Conte, Mr. Dana's system of nomenclature 
has been substantially followed. -

The formulation of American practices by Mr. Dana and 
its subsequent acceptance by Mr. Le Conte, and the pro­ 
found impression thus made upon all recent geologic publica­ 
tion, lead to the conclusion that no material change in this 
branch of geologic nomenclature can safely be made in this 
country.
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The grand divisions recognized by these authors are as fol­ 
lows:

DANA.
V. Era of Mmd. 

IV. Ceiiozoic. 
III. Mesozoic.
II. Paleozoic. 
I. Azoic.

LE CONTE.
5. Paychozoic. 
4. Ceiiozoic. 
3. Mesozoic. 
2. Paleozoic. 
1. Archseau.

In a later edition Mr. Dana has dropped the fifth grand di­ 
vision—Era of Mind—and changed the name of the first to 
Archaean, of which title he was the author.

The grand divisions are called TIMES by Dana and ERAS by 
Le Conte. For use in biologic discussion these authors divide 
the Eras into Ages as follows:

LE CONTE.
Age of Man.
Age of Mammals.
Age of Eeptiles.
Age of Acrogens.
Age of Fishes.
Age of Invertebrates.
Archaean.

DANA.
The Age of Man, or Quaternary.
The Age of Mammals, or Tertiary.
The Age of Eeptiles.
The Age of Coal-plants, or Car­ 

boniferous.
The Age of Fishes, or Devonian.
The Age of Invertebrates, or Silu­ 

rian.
Eozoic Age.
Azoic Age.

These divisions perhaps fairly represent the present stage 
of knowledge of the biologic record contained in the rocks; 
but the subject must for a long time be held open for revision.

"By both of these authors the Times or Eras are again di­ 
vided into Periods, and, by Dana, the Periods into Epochs and 
Subepochs. The Periods of Mr. Le Conte are modifications 
of those of Mr. Dana and represent American opinion at a 
somewhat later date

The following are the general schemes of Ages and Periods 
presented by these authors:
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DANA.. LE CONTB.

Age of Man, or Quaternary.

Mammaban 
Age.

Reptilian Age.
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Jurassic.
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Carboniferous Age.
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SllunanAge, or Age of Invertebrates.
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Lower Silurian.

Tertiary Period.

^

Wealden (Epoch).

Oolitic (Epoch).

Liassic (Epoch).

Permian.

Carboniferous.

Sub-carboniferous.

Catskill._

Chemung.

Hamilton

Corniferous.

Oriskany.

Lower Helderberg.

Salma.

Niagara.

Trenton.

Canadian.

Primordial, or Cambrian.

Psychozoic ..

Cenozoic .. •

Mesozoic .. •

I 
Paleozoic.. •!

Arcluean ..

Recent.
Quaternary.

Pliocene.

Miocene

Eocene.

Cretaceous.

Jurassic

Tuassic

Permian.

Carboniferous.

Devonian.

Silurian.

Huronian.

Laurentian.
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To the extent thus indicated, American practice in the par­ 
tition of the succession of strata and beds has arrived at sub­ 
stantial uniformity, though there are minor departures from 
the plan.

In respect to the subdivision of periods, practice in America 
is widely divergent. No clear differentiation is made between 
epoclis and subepochs; many working geologists employ the 
term formation for any division of the period; and the epochs 
of one district are not recognized in the other districts. The 
refined correlations which this recognition postulates cannot 
in the present state of our knowledge be made throughout an 
area so vast as America presents to the explorer.

In the survey of New York by Mr. Hall the first great 
series of American formations was demonstrated. In subse­ 
quent surveys of other States and regions attempts have been 
made to correlate the formations of the areas surveyed with 
those of New York, but these attempts have not generally 
been successful; and the assumption that such con-elation 
should be made has led to unnecessary and unseemly con­ 
troversy, which finally has resulted in its virtual abandonment.

In various districts various schemes of formations are made 
for the better presentation of the facts discovered in each. 
Hence there is a number of inchoate series of names for geo­ 
logic formations, each representing a special district. To a 
large extent these local names of formations are geographic 
in origin, but^sometimes they are lithologic or biologic. This 
state of affairs has obtained in opposition to received opin­ 
ions, and in spite of the almost universal efforts of geologists to 
attain uniformity; it therefore represents the logical and necessary 
growth of the science.

In passing from district to district it is found in practice that 
a typical series will never be reproduced, but new series with 
new structural, lithologic, and biologic characteristics will be 
discovered; and these facts should be represented in the nomen­ 
clature.

Such being the state of affairs in the districts most thoroughly 
studied, it seems especially unwise for the exploring geologist 
to commit himself in early stages of investigation to refined
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and exact correlations, and in practice it is found that a great 
number of local names are used tentatively until further re­ 
search demonstrates approximate identity or establishes diver­ 
sity. Thus the names of formations are ultimately fixed by a 
process of selection.

In America the terms ERA and PERIOD have a well-defined 
significance with which they are widely used. In like manner 
the terms for the several Eras and Periods are fixed by wide 
usage, and the terms for the several Ages used from the bio­ 
logic standpoint are nearly as well determined by common 
consent. Era is sometimes, and Time is frequently, used for 
other purposes than the designation of a grand division. 
System is generally used for the series of formations included 
in an Era, but sometimes for the series embraced in an Age. 
Epoch and Subepoch are not clearly differentiated. Epoch, 
Formation, and Group are used synonymously, but sometimes 
Group is used to include the series of formations of a Period, 
and sometimes Formation is used as synonymous with Series. 
The restricted use of Formation is common among working 
geologists, which testifies to its value for this purpose. In 
structural geology it is the grand unit. In detailed geologic 
cartography each Formation is represented by a distinct color. 
It is also the principal element in the discussion of physical 
geography from a geologic standpoint; i. e., the origin of land 
forms—a study which in America is assuming important pro­ 
portions. The term for this purpose is felicitous.

Perhaps it would be well if Era, Period, and Epoch could 
be used in speaking from the standpoint of history, and Sys­ 
tem, Group, and Formation as their synonyms, severally, from 
the standpoint of structural geology; Time to be used as a 
general historic, Series as a general structural term.

Concerning the classifications and terms used from the bio­ 
logic standpoint the writer does not venture an opinion. To 
a large extent in American usage the historic and structural 
classifications and terms are used, but to some extent the pale­ 
ontologists are departing therefrom by suggesting classifica­ 
tions adapted each to the department of biology represented. 
In certain fields vertebrate paleontology, invertebrate paleon-
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tology, and paleobotany, ask for classifications distinct from 
each other, and distinct from that recognized by geologists as 
expressing the facts of structure. Perhaps the biologists may 
come to use the distinctions adopted by geologists.

Throughout the regions where exploration has been con­ 
ducted with some care, the periods as adopted by the Survey 
can usually be discriminated, but instances are not wanting 
where up to the present time such discriminations have been 
impossible. Perhaps, on the one hand, examination has not 
been thorough, or, on the other, planes of demarkation are not 
exhibited in nature.

Accepting the conditions actually imposed by the facts, a 
number of schemes of formations into which periods are divided 
will ultimately be recognized in this country, and it should be 
the endeavor of geologists to reduce this number to a minimum. 
The result attained will have the effect of dividing s the areas 
occupied by formations of the several periods into districts for 
each, and each such district will have a distinct series of forma­ 
tions. It will sometimes be difficult to draw hard and fast lines 
between such districts, but when this has been accomplished 
as best it may be, the facts will be classified in a manner most 
valuable for the purposes of the science.
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The following is the general scfieme adopted by'the United 
States Geological Survey:

EKA OK SYSTEM.

Era of Man. ........

Cenozoic or Tertiary .

'

t

Mesozoic ..... . . <

•

Paleozoic ..........<

*

- \

Archaean ....... ...

-

^

_

Period or Group.

Quaternary ....

Pliocene ....... ......

Miocene .... . ___ ..

Eocene ..............

Cretaceous ..........

Jurassic ............

Triassic . ..........

Permian ..... .......

Carboniferous .......

Devonian . .........

Silurian . - - ........

Cambrian- .... ......

Huronian ? ..........

Laurentian ? . .......

Epoch or Formation.

To be formulated in va­
rious districts as the
facts demand.



REPORT OF THE DIRECTOR XLJX 

OOLOES FOE GEOLOGIC OABTOGEAPHT.

In this department American practice has been extremely 
diverse, but of late years there is a growing tendency to unifi­ 
cation. A review of the field has led to the adoption of a 
scheme of colors controlled by the following principles:

1. The scheme should represent common usage as far as 
possible.

2. The scheme should not commit the geologist to distinc­ 
tions and correlations not warranted by the facts at his com­ 
mand.

3. The colors should be so distinct as to be easily deter­ 
mined on the charts.

4. The desired results should be secured with the greatest 
economy in color printing.

5. The needs of the various portions of the country for dis­ 
tinctions necessary to represent the formations recognized 
therein by geologists should be subserved; and the several por­ 
tions of the color scale should be equitably divided.

It may be well further to explain and illustrate the distribu­ 
tion of the color scale to the parts of the geologic column.

The geologists of America require in the representation of 
the Quaternary a large number of distinctions, as will appear 
from a brief enumeration of the formations already recognized.

First. In the far West, between the Rocky Mountains and 
the Sierra Nevada, is the area known as the Great Basin. 
Within this region and still southward and eastward many 
great lakes existed in early Quaternary times, represented at 
present, to some extent, by small undrained seas; a number 
of distinctions are required to represent the formations of these 
almost extinct lakes.

Second. In the eastern prairie region, especially in northern 
Illinois, Indiana, Wisconsin, and Minnesota, in later Quater­ 
nary times, many thousands of small lakes existed. Some of 
these have continued to the present time. The lake beds are 
ofttimes bogs, underlaid by marls compounded of lacustrine 
shells. In the bogs the remains of mammals are found. In 
New England the deposits of a great number of similar

IV G A
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lakes are discovered, and they are scattered at intervals 
throughout the United States. These formations, when more 
thoroughly studied, will require color distinctions on the charts.

Third. The great body of glacial drift stretching from the 
Atlantic far into Dakota, and extending southward into the 
middle latitudes of the country, requires its color distinctions; 
and the glacial formations of the mountain districts farther to 
the south and west have like requirements.

Fourth. The marine formations added to our coast in Qua­ 
ternary times on the east, south, and west, must be represented.

Fifth. The lake formations of the same age on the north re­ 
quire representation.

Sixth. The extensive accumulations of loess in the bluffs of 
the Mississippi and its tributaries must be represented.

Seventh. The flood-plain formations of the river systems of 
the country must be delineated.

Eighth. The overplacements and alluvial cone deposits on 
the flanks of mountain chains must not be neglected.

These Quaternary formations have already been the subject 
of extended research, and in the future it is probable that a 
proportionately greater amount of study will be given them, 
from the fact that the methods of geologic research and the 
laws of the science must to a large extent be established by the 
aid of the facts they present.

The grays, which have been selected to represent these for­ 
mations, admit of many distinctive modifications in tint, tone, 
and arrangement.

In like manner it can be shown that the variations of yellow 
are needed for the formations of the Cenozoic; of green for 
the Mesozoic; of blue for the Permian and Carboniferous of 
the Paleozoic; and of purple for the Devonian, Silurian, and 
Cambrian, of the Paleozoic.

Refined distinctions are not yet made in the Archaean, but 
it is probable that when these rocks are more thoroughly 
studied the various distinctions afforded by the browns will be 
needed.

In the Igneous rocks the entire capacity of the reds will be
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required. It is hoped that a somewhat more thorough distri­ 
bution of them will result from investigations now in progress.

Thus it is believed that the distribution of the colors has 
been made in proportions as nearly correct as the present state 
of our knowledge will permit. •

The assignment of portions of the color scale to portions of 
the geologic column, as indicated above, is deemed sufficiently 
minute for the purposes to be subserved in a certain class of 
publications, viz, charts of limited areas where many minor 
distinctions are made; but for charts of larger areas, where 
many periods are represented, more specific rules should be, 
observed.

In the general plan the colors have been arbitrarily classi­ 
fied as gray, yellow, green, blue, purple, red, and brown.

Of gray, yellow, green, purple, red, and brown three tones 
each are selected; of blue, two tones only. Of each tone two 
tints are selected—one dark, the other light. Further distinc­ 
tions are made by using the light tints as bases and the dark 
tints as overprints in various mechanic arrangements, as follows:

1. In horizontal lines.
2. In vertical lines.
3. In right-oblique lines. (Lines directed downward from 

left to right are called "right-oblique lines.")
4. In left-oblique lines.
5. In broken horizontal lines.
6. In broken vertical lines.
7. In crossed lines.
8. In dots.
The color distinctions thus produced are relegated ,to the 

geologic column in the following manner:
Quaternary formations are represented by grays, and thirty 

color distinctions are provided, as shown in Plate I. It is not 
deemed wise at present to distribute the grays definitively to 
the several classes of Quaternary formations, as further experi­ 
ence is needed.

The Cenozoic is represented by yellow (Plate II) in three 
tones—one for each period—Pliocene, Miocene, and Eocene.
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Each tone with its modifications by tints and combinations 
gives ten color distinctions; so that there are that number of 
distinctions for each period.

Mesozoic formations are colored in green (Plate III), and in 
the manner above described ten color distinctions are used for 
the Cretaceous, Jurassic, and Triassic periods each.

The Permian and Carboniferous periods, constituting the 
upper Paleozoic, are represented by blue (Plate IV)—one tone 
with ten distinctions for each.

The Devonian, Silurian, and Cambrian periods, constituting 
the Lower Paleozoic, are represented by purple (Plate V) in 
three tones—one for each period, with tints and combinations— 
making ten distinctions for- each.

Archaean rocks are represented by brown (Plate VI) with 
three tones multiplied by tints and combinations—producing 
in all thirty distinctions.

The Igneous rocks are represented by red (Plate VII) with 
thirty color distinctions.

It is manifest that these distinctions may be multiplied to 
any desired extent without confusion—

First. By using each base tint with each superimposed tint 
(of the same color division) throughout the entire scale of lines 
and dots;

Second. By multiplying the mechanic arrangement of lines, 
dots, &c ;

Third. By multiplying the tints and tones; and
Fourth. By combining the colors as classified—using one 

as a base and a second as an arranged overprint.
It is probable that these additional distinctions will not be 

needed.
To facilitate the identification of color distinctions on the 

map, each one should have printed over it at convenient inter­ 
vals, in clear block type, the letter symbol of the formation or 
period represented.

In local and detailed maps the above scheme may be modi­ 
fied to the extent of using the several tones of one color for 
the formations of one period, whenever by so doing the color 
distinctions will be made more clear.
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CONVENTIONAL CHARACTERS FOR DIAGRAMS

Another class of conventional characters is used by the Sur­ 
vey to express the more important lithologic characters.

Diagrammatic sections are of two classes, serial and regional. 
In the serial diagrams, Formations, Groups, and Systems are 
indicated by words and connecting lines; and lithologic char­ 
acters by conventional signs, as follows:

Conglomerate.

Sandstone.

Arenaceous shale.

Argillaceous shale.

Limestone.

Schistose rock.

Massive crystalline rock.

FIG. 1.—Conventional Characters for Diagrams.

In this scheme it will be observed that each conventional 
sign admits of many variations, which can be used when it is
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desirable to multiply such distinctions in order to discriminate 
the members of an extended series; and other characters may be 
superimposed for the expression of additional facts—for exam­ 
ple, to indicate that" the rock is ,dolomitic, gypsiferous, brec- 
ciated, geodiferous, etc. ;

In regional sections designed to express facts of general 
structure, it is found best to use formation colors rather than 
lithologic signs.

For general structural purposes stereograms are found use­ 
ful and should often be constructed; to express relations of gen­ 
eral structure to topographic formation, bird's-eye views are 
valuable, especially when constructed on sectional diagrams.

The general plan as set forth in the foregoing statement pro­ 
vides for the expression of geographic distribution of forma­ 
tions or epochs, groups or periods, and eras or systems, by the 
simple use of systematic color distinctions. It provides for 
the expression of the more important facts of lithology by the 
use of conventional signs in serial diagrams

Facts of general structure are expressed on charts by the rela­ 
tion of color distinctions, by regional diagrams constructed with 
the color distinctions of formations, and by stereograms. The 
relation of structure to topography is expressed by bird's-eye 
views constructed in combination with diagrammatic sections.

Cartographic colors and diagrammatic characters constitute 
the geologic alphabet, and its value will depend, first, on sim­ 
plicity; second, on systematic consistency; third, on general 
usage.

FINANCIAL STATEMENT.

Amount appropriated by Congress for the use of 
the Geological Survey for the fiscal year end­ 
ing June-30, 1881 ............ .......... .$156,000 00

Expended during the fiscal year.............. 150,948 47

Remaining on hand June 30, 1881 (required to
meet outstanding liabilities) ...... ......... 5,051 53
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The following is a classification of the expenditures:
	Amount.

Salary of Director. ......................... $6,000 00
Services of assistants and employe's ........... 101,392 43
Kent of offices............................. 3,760 93
Repairs of offices.................... ...... 101 35
Office furniture............................. '2,495 52
Fuel ..................................... 1,034 04
Gas ....................................... 217 80
Ice....................................... 53 47
Telegrams ................................_ 858 14
Kent of telephones ..................."...... 82 00
Rent of post-office boxes .................... 50 00
Stationery ................................ 1,695 62
Drawing material........................... 277 45
Books .................................... 171 35
Instruments purchased ...................... 1,171 03
Instruments repaired........................ 285 30
Laboratory supplies ........................ 1,998 6 >
Photographic material....................... 256 03
Publication of maps ........................ 175 00
Illustrations for reports...................... 727 00
Job printing............................... 36 00
Transportation of assistants and property....... 7,825 40
Traveling expenses ......................... 6,768 94
Purchase of horses ......................... 240 00
Purchase of mules .................. ....... 930 00
Camp and field equipage .................... 1,190 51
Subsistence ........."...................... 6,626 90
Forage .................................... 2,338 83
Pasturage ............... ................. 597 94
Tollage................ .................. 32 47
Storage................................... 331 93
Apprehension and delivery of lost public property 95 00
Miscellaneous-............................. 1,131 46

Total............................... 150,948 47
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REPORTS OF THE HEADS OF DIVISIONS.

REPORT OF CAPT C. E. DUTTON.

UNITED STATES GEOLOGICAL SURVEY,
DIVISION OF THE COLORADO,

Washington, October 3,1881.
SIB : Conformably to the directions contained in your letter of July 

8, 1881, calling upon me for a " report of the operations of your [my] 
Division of the United States Geological Survey for the fiscal year end­ 
ing June 30, 1881," I have the honor to submit the following

PERSONAL REPORT.

On the 2d day of July, 1880,1 left Washington and proceeded to Salt 
Lake City, Utah, accompanied by the following assistants:

Mr. Sumner H. Bodfish, topographer.
Mr. Richard U. Goode, topographer.
Mr. Bobert E. Jones, assistant topographer.
Mr. Leonard H. Swett, assistant topographer.
Having purchased in Salt Lake City the necessary outfit and sup­ 

plies, I proceeded by the Utah Southern Eailroad to Juab station, 110 
miles south of Salt Lake, meeting there eight hired men, with four 
freight wagons and animals. The entire party left the railroad on the 
morning of July 18, and journeyed slowly southward, ascending the 
valley of the Sevier River. The next day we reached the Mormon vil­ 
lage Gunnison, which presents a distant and widely-extended view 
of the high plateaus of Utah, their battlements still flecked with 
patches of snow. These magnificent masses, which are exceedingly 
interesting alike in their topographical and geological features, have 
already been described by me in a former monograph. East of Gunni­ 
son, and 12 to 18 miles away, rises the Wasatch Plateau, composed of 
heavy masses of lower-Tertiary strata, which bend upwards froni the 
valley below, and near the summit fiex back to horizontality. Southward 
is a long stretch of level valley-plain, beyond which rise the dark, vol­ 
canic masses of the Sevier Plateau and Fish Lake Plateau, which attain 
altitudes of more than 11,000 feet above the sea. A day's journey from 
Gunnison over an easy road brought us opposite the north end of the 
Sevier Plateau and to the foot of the grand escarpment which forms its 
western flank. During five days this wall rose upon the left, while the
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fetill loftier heights of the Tushar towered above us on the right. At a 
distance of about 180 miles from the railroad we reached the divide 
which separates the drainage of the Sevier Eiver from that of the Colo­ 
rado. Descending thence to the southward through the great southern 
terraces of the nigh Plateaus, we reached the little village of Kanab 
on the 29th day of July.

Kanab is a Mormon settlement, lying upon the southern boundary of 
Utah, at the foot of the Vermilion Cliffs, and it has long been the base 
of operations of the exploring and surveying parties working in the 
district which drains into the Grand and Marble Canons of the Colo­ 
rado. Here the main bulk of supplies was deposited, and the pack and 
saddle animals prepared for active field work. The work contemplated 
was both topographical and geological.

TOPOCKKAPHICAL WORK.

Two topographical parties were organized, the first under Mr. Cod­ 
fish, the second under Mr. Goode. The object of Mr. Bodlish's woik 
was to complete the survey of that portion of the Grand Canon of the 
Colorado which extends through the Kaibab Plateau, and also of the 
surface features of that plateau itself. To Mr. Goode was assigned the 
duty of making a survey of the San Francisco Mountains and their 
vicinity, lying 50 to 80 miles south of the canon.

Mr. Bodfish's work was of more than ordinary difficulty. One group 
of determinations had not, np to the last year, been satisfactorily made, 
viz, the geographical co-ordinates (latitudes and longitudes) of the prom­ 
inent points in the southwestern part of the Kaibab. This remarkable 
plateau has for several years been a difficult problem to the topographers. 
It is a lofty flat mass without a single peak or pronounced elevation 
anywhere upon its surface. It is densely forest-clad with gigantic pines 
and spruces. It is loftier by 1,500 to 4,000 feet than the surrounding 
regions, and to the eye and mind of the topograper, it is merely an 
obstruction which cannot be crossed by his lines of triaugulationj and 
it is extremely difficult to circumvent, for it is nearly 100 miles long and 
from 15 to 40 miles wide. Being devoid of natural objects of sufficient 
definition to serve as targets for the theodolite, it was necessary to con­ 
struct artificial ones; and the selection of stations within range of other 
well-determined stations,and readily distinguished, was not easy; for the 
nearest ascertained stations were from 50 to 80 miles away and even the 
most strongly individualized points were liable to be confused with others 
in their vicinity. It was at once concluded that none could be found 
except upon the brinks of the salients which project out into the broad 
chasm of the Colorado. Fromthese it was known that unobstructed views 
could be obtained of the volcanic domes of the Uinkaret Plateau, CO to 
80 miles westward, and of the peaks of the San Francisco Mountains, 50 
to 60 miles southward. It was desirable therefore, to build monuments 
upon these salients, which could be observed from those domes and
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peaks, and thus give the required data. I therefore left Kanab with 
Mr. Bodfish, taking also Mr. Goode, who was to observe these monuments, 
if possible, from the San Francisco Mountains, and proceeded to the 
brink of the canon, about 80 miles south of Kanab. Two primary points 
were selected, one named Point Sublime, the other Cape Royal. The 
former is a headland, projecting far out into the cliasm, about mid-length 
of the Kaibab division; the latter, a similar headland, situated aboul 20 
miles east southeast of the former. Here were built large monuments 
of timber, which we covered with white calico. From both points the 
well-determined stations and monuments on Mount Emma in the Uin- 
karet, and on the San Francisco Mountain, were discernible through the 
telescope, and satisfactory readings were made upon them from the large 
theodolite.

This being accomplished, Mr. Goode was dispatched to his field of 
labor, and I returned to Kanab, leaving Mr. Bodfish to pursue his work. 
This consisted of plane-table work_ checked by the theodolite. lu the 
preceding season he had applied the piano-table to the Kaibab division, 
from the foot of the Marble Canon to the head of the Kanab division of 
the Grand Canon, and it was necessary to apply it to the lower portion 
of the Marble Caiion and the southern portion of the east wall of the 
Kaibab. The very extraordinary topography of the chasm and its ac­ 
cessories called for great skill and ingenuity on the part of the surveyor, 
but Mr. Bodfish proved equal to all emergencies, excepting a few which 
no skill can conquer, and which require wings rather than skill.

Believing that the study of the surface drainage of the Kaibab would 
throw light upon the larger geological problems which the district pre­ 
sents, I instructed Mr. Bodfish to make a careful reconnaissance or 
meander-survey of the plexus of ravines which constitute that drainage. 
These are almost innumerable, but they have, as the event proves, a 
systematic and intelligible character and grouping. With the assistance 
of Mr. R. E. Jones, he meandered these ravines, some of them repeat­ 
edly, carefully checking his courses and distances, and succeeded within 
the limits covered by his map in obtaining plots of all the principal ones 
and substantially of all their notable branches, with a degree of accu­ 
racy which is all that could be reasonably desired. He also visited 
Mount Emma, on the Uinkaret Plateau from which point he successfully 
observed the two monuments on the Kaibab already referred to, thus 
obtaining both forward and back sights between stations. With the 
data obtained in the seasons of 1879 and 1880, he has been able to com­ 
plete his map of the Kaibab division of the Grand Caiion, and of the 
surface topography of the southern part of the plateau, upon a scale, as 
originally drawn, of about 1: 40,000 and with contours of 100 feet of ver­ 
tical interval.

Mr. R. U. Goode left me on the 15th of August on the Kaibab Pla­ 
teau, with instructions to proceed at once to the San Francisco Mount­ 
ains. By previous arrangement, his hired men were to leave Kanab
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with auimals, supplies, and equipments, and to meet him near the head 
of the Marble Cafion on a day appointed. The rendezvous was made as 
directed, and with his party he crossed the Colorado by "Lee's Ferry," 
at the head of the Marble Canon, and in due time he reached the Sail 
Francisco Mountains, where he remained until about the 1st of Novem­ 
ber. The locality is a volcanic one, and an outlier of that very large 
volcanic district known sometimes as the Great Black Mesa, situated in 
eastern Arizona and western New Mexico. Upon this ontlier are sev­ 
eral large extinct volcanoes, surrounded and interspersed with a throng 
of recent cones, from which many sheets of lava have been outpoured. 
They stand upon one of the most elevated portions of that great Car­ 
boniferous platform which stretches northward without interruption to 
the abyss of the Grand Canon, and thence further northward to the 
Utah boundary. Mr. Goode, by great diligence aud industry, succeeded 
in obtaining data for the construction of a very good map of his field, 
upon the unusual scale of one mile to the inch, which map has already 
been drawn with 100 feet contours.

My own work for the season was the study of the geology of as luuch 
of the district as I could cover. As for problems to be solved, I went 
there to find them as well as to solve them. The great chasm, the faults 
and flexures of the strata, the vast erosion of the region, its cliffs and 
canons, its strata and extravasated rocks, surely would furnish prob­ 
lems enough. But it seemed to me that whatever questions they might 
bring up and whatever answers they might suggest were merely subsid­ 
iary to one comprehensive inquiry: what have been the stages, the chief 
successive steps and the physical causes of the evolution of this strange 
region f The geologist seeks for facts in order to learn geological his­ 
tory and causation—in short, evolution. He picks up his facts much as 
the vagabond prospector picks up float ore or pans for a few colors in 
every gulch and when he finds them seeks to trace them back to their 
sources, dreaming always of bonanzas. Every accessible feature, there­ 
fore, was studied and pondered in the hope that it might be traced back 
to its origin, disclosing a common bond among them. My purpose was 
to seek for evidences of the geological history of the region; what suc­ 
cess has attended the effort may appear in part in the chapters following 
this personal one. It has been less than might have been hoped, but 
greater than might have been feared.

On the 19th of August I left Kanab for the Uinkaret Plateau. Beach­ 
ing Pipe Spring, 20 miles southwest of Kanab, I was rejoiced to find 
Mr. William H. Holmes, who had come to join me and co-operate in the 
work. Leaving Pipe Spring, we pushed across the desert to the south- 
westward, and in two days more made camp at the base of Mount Trum- 
bull, on its southwest side. Preparations for a protracted camp were 
made and nearly four weeks were occupied in making excursions almost 
daily to all surrounding parts within one or two days' march. The Um-
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karet Plateau was quite thoroughly examined. The principal facts which 
it presents are:

1. Its many basaltic cones and lava fields, none of any great dimen­ 
sions, but thickly clustered together, and some so recent that it seems 
as if a century or two could hardly have passed since they became silent 
and inactive. Others are older, and some have been greatly ravaged and 
nearly effaced by secular erosion.

2. The Hurricane and Toroweap faults, which form excellent studies of 
displacement, especially in the vicinity of the chasm.

3. The Toroweap and Queantoweap valleys, which are remnants of 
lateral drainage channels of the Colorado, and represent a drainage sys­ 
tem which has become extinct.

4. The Grand Canon itself.
5. The remnants of Permian strata.
All these present matter of independent interest when considered 

apart from their relations to each other and apart from the broader 
problem of evolution. But each can be made to yield its quota of tes­ 
timony, and when the story told by one group of features is compared 
with what is told by the others, the interest is greatly deepened. The 
study of the main problem is like trying to restore the newly discovered 
fragments of an antique vase which have been scattered and a portion 
of them recovered. Each fragment by itself is of minor importance and 
gives no definite idea of the shape and size of the vase. But when a 
number of them have been matched and the broken edges are seen to 
join, even though considerable portions be wanting, we may still per­ 
ceive the original design and compute its dimensions. We were even 
more concerned with this method of analysis, comparison, and recon­ 
struction, than with the concrete facts themselves; and diligently stud­ 
ied the latter in the hope of finding out something about the former. 
How these various observations, so incoherent and disjointed on the first 
view, become congruous through analysis and comparison, I shall en­ 
deavor to show in the monograph, now nearly completed, on the Tertiary 
History of the Grand Canon District. It would be impossible to explain 
it briefly here.

During our stay at Mount Trumbull Mr. Holmes's magical pencil was 
was ever busy. Large and elaborate sketches of the panoramas pre­ 
sented from Mounts Trumbull, Logan, and Emmaj of the splendid vista 
of the Toroweap Valley, and of the superlative spectacle of the Grand 
Canon as seen from Vulcan's Throne, were made m rapid succession.

From the Uinkaret we returned to Kauab and proceeded thence to 
the Kaibab. I went there to visit those portions of it which I had not 
hitherto seen, and to review portions seen but not appreciated years 
before. Mr. Holmes devoted himself to making sketches of the chasm. 
Among them is a panorama of the canon from Point Sublime. The 
studies on the Kaibab were of the same general nature as those of tho
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Umkaret, and had their bearing on the geological history and evolution 
of the district.

Eeturning to Kanab, Mr. Bodfish and his assistants were sent north­ 
ward to Salt Lake City, with instructions to return at once to Wash­ 
ington. I remained with Mr. Holmes in order to make another journey 
along the front of the Vermilion Cliffs, northwestward as far as the Val­ 
ley of the Yirgen, and thence soutliwestward to view the country in the 
vicinity of the Hurricane fault, and to the west of it. Thence we jour­ 
neyed northward, along the -western or dropped side of the Hurricane 
fault, and on the 23d of October, we reached Port Cameron, at the town 
of Beaver in Utah. Here the laborers of my immediate party were dis­ 
charged, and I returned without delay to Washington.

During the past winter and up to the close of the fiscal year ending 
June 30,1881, I have been occupied in the preparation of a monograph 
on the Tertiary History of the Grand Canon District. The maps have 
been completed by Mr. Bodfish and Mr. Eenshawe, the former having 
delineated the Kaibab division of the Grand Canon and the surface 
topography of the southern part of the Kaibab Plateau, while the 
latter has drawn the map of the Uinkaret Plateau. Mr. Holmes has 
redrawn the sketches of the canon and adjoining regions, and the mate­ 
rials are now in the engraver's hands, as are also the maps. The manu­ 
script of the monograph, is very nearly completed.

All of which is very respectfully submitted.
C. E. DUTTON, 

Captain of Ordnance, in charge Division of the Colorado.
Hon, J. W. POWELL,

Director of the U. S. Geological Survey, Washington, D. C.

REPORT OF MR. G. K. GILBERT.

UNITED STATES GEOLOGICAL SURVEY,
DIVISION OP THE GREAT BASIN,

Washington, D. C., October 27, 1881.
SIR : I have the honor to present the following report of operations 

in the Division of the Great Basin during the year ending June 30,1881. 
In the organization of the Survey in the year 1879 the territory sub­ 

ject to the investigation of the corps was apportioned in a number of 
Divisions which it was designed to make somewhat independent in ad­ 
ministration. The Division of the Great Basin, as then defined by the 
Director, was exceedingly large, and a subdivision of the work within 
it was therefore made on the basis of its subject matter, the economic 
geology being assigned to the direction of Mr. G. F. Becker, and the 
general geology to myself. An exigency soon arose, however, which 
made it expedient to establish a third organization within the same
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geographic district, and the work of this organization was afterward 
placed m the charge of Mr. Arnold Hague, to whom had been assigned 
the Division of the Pacific. These innovations upon the original plan 
were partly in accordance with my request and wholly in accordance 
with my desire, and they have had the effect of enabling me to restrict 
my attention to a series of special investigations, in which I had already 
made some progress before the organization of the Survey. Mention is 
hero made of them only because it is necessary to distinguish between 
the geographic Division of the Great Basin and the administrative 
Division of the Great Basin. The accompanying report applies only to 
that portion of the work in general geology the conduct and administra­ 
tion of which have been committed to me.

During the summer of 1880 two parties were in the field, and on their 
return an office was organized iu Salt Lake City. The winter was spent 
in the elaboration of the field notes, and the majority of the corps con­ 
tinued in office work until the close of the fiscal year j but a small party 
was sent to the field in the spring of 1881.

This report will contain, first, a description of the field organization 
and an account of the field movements, and, second, a statement of the 
scope of the office work.

FIELD WOKE.

Preparations for the field were begun at Washington, D. C., and com 
ploted at Salt Lake City, Utah. The plan of the work demanded that 
many points should be visited which were not only distant from any line 
of public conveyance but were even remote from all settlements, and it 
was necessary to make independent provision for the transportation and 
subsistence of the field parties. Each party was therefore furnished with 
a four-mule wagon, three pack mules, and a quota of saddle mules, and 
upon the wagons were loaded all the paraphernalia of camp life. Sup­ 
plies were sent by rail to a number of different points where they could 
conveniently be taken up during the progress of the work.

On the sixteenth of July, 1880, the corps left Salt Lake City in two 
parties. The geological party was in my own charge, and contained 
Messrs. Israel 0. Eussell and H. A. Wheeler, geological assistants, and 
Mr. Frederick D. Owen, artist. The topographic party comprised Mr. 
Gilbert Thompson, topographer in charge, Mr. Albert L. Webster, assist­ 
ant topographer, and Mr. E. I. Gill, barometer observer. Each party 
had three camp hands, and the topographic party was accompanied for 
a few days by Mr. E. H. Smith, who was then left at Fillmore, Utah, 
where he maintained a barometric base station throughout the summer.

The work planned for the geological party was to trace more thor­ 
oughly than has heretofore been done in southern Utah, the outline of 
Lake Bonneville, the great lake which formerly occupied all the low­ 
lands of that region, and to make special examinations of the relations 
among themselves of the series of shorelines left by the water at its 
many stages of level. The firsb point visited was the mouth of Little
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Cottonwood Canon, a gorge of the Wasatch Eange which opens out 
into the valley traversed by the Jordan Eiver, and which at one time 
was filled by a glacier to its very mouth. Climatic considerations of a 
very general character had given rise to a belief that the ancient lake 
was coincident in time with the system of glaciers of the Wasatch and 
other mountains of the western territories, but up to that time no geol­ 
ogist had studied the phenomena produced by the two agencies in 
juxtaposition. The shore marks and lacustrine deposits formed by the 
lake occupy the valleys and merely touch the bases of the mountains, 
while the moraines and other vestiges of glacial action are for the most 
part confined to the higher mountain gorges. Here, however, was a 
locality where the moraines were known to extend into the region of 
the lake, and it was hoped that the theory of contemporaneity could be 
tested by an investigation of the locality.

The next point of lingering was at the Point of the Mountain, a 
place where a low spur from the Wasatch Eange stretches across the 
Jordan Yalley to the Oquirrh Eange beyond, but is cut through by the 
river midway. The gap was partly closed during the existence of the 
lake by embankments of gravel thrown into it by the action of the 
waves, and the recutting by the river after the lake had subsided has 
exposed the gravels to view in an instructive section.

The party then took its way across the lower end of Utah Yalley, 
and through Cedar and Bush Valleys, to the north end of Tooele Valley, 
where the monuments of wave work are of the most imposing charac­ 
ter. At the Point of the Mountain, and at two points in Tooele Valley, 
local maps were made of areas of interest a few mites in extent, and the 
differences of altitude of the various water lines were determined by 
means of the spirit level.

At this time the party suffered the loss of its artist, Mr. Owen, who 
turned back on account of sickness and was, unfortunately, not after­ 
ward able to resume his work.

From Tooele Valley the old overland stage road which skirts the 
southern edge of the Great Salt Lake Desert was followed for three 
days, when another and more protracted halt was made at the Old Eiver 
Bed, a locality where the attention of every traveler and frontiersman 
is arrested by the presence of the desiccated channel of a river of some 
size in the midst of one of the most arid deserts of the continent. The 
history of this old river is intimately associated with that of the ancient 
lake, and nearly two weeks were spent in making a thorough examina­ 
tion of its features and of numerous objects of geologic interest in the 
vicinity.

The next point of special examination was the north shore of Sevier 
Lake, a saline of the desert, lying one hundred miles to the south. In 
1872 the lake was thirty miles in length and had a depth of about fifteen 
feet. In the winter of 1879 it was found to have completely dried away, 
leaving its salt in the form of a heavy crust covering a large area of the
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muddy bottom near the northern end. At the time of our visit a few 
inches of water covered the crust, and it was so far softened as to be 
traversed with difficulty. A carefully selected series of specimens was 
collected with a view of ascertaining the economic value of the deposit, 
and these have since been placed in the hands of a chemist for analysis.

Prom Sevier Lake the party traveled to Preuss Valley, being cpm- 
pelled to a circuitous route partly by the absence of a direct road but 
chiefly by the lack of water on the direct line. Here three most inter­ 
esting groups of gravel embankments formed by the waves at different 
water stages were studied and mapped, and valuable data were gathered 
for the compilation of the history of the oscillations of the lake. The 
road was then taken southward to the Escalante Desert, the most south­ 
erly of the plains submerged by the ancient flood, and from there the 
party turned northward to Milford, a station on the Utah Southern Bail- 
road which had been selected as a rendezvous and supply point for the 
field parties. It was reached on the twelfth of September.

The work of the topographic party was partly geographic and partly 
geologic. Before leaving Washington an' attempt had been made to 
compile a map of the region to be visited from the material furnished 
by the government surveys of previous years, but it was found that the 
data pertaining to a district lying along the northern edge of the Esca­ 
lante Desert were not sufficiently accurate for the purposes of the work, 
and it was determined to replace them by new material gathered 
during the summer. Selection was therefore made of a series of peaks 
overlooking the desert from the east and which had been determined in. 
position by the work of the Survey of the Eocky Mountain Eegion, and 
a triangulation was planned which should use them as initial points and 
extend over the region to be mapped. This triangulation and the comple­ 
mentary topographic work were carried forward by Mr. Thompson and 
his assistant as one of their chief duties. Their other duty consisted 
of the tracing of the ancient shoreline from the vicinity of the town of 
Fillmore southward to its southern limit, so as to correct the existing 
map of the lake in that region, and especially so as to set at rest a 
question which had been raised as to the mode of connection between 
the body of water in the Escalante Desert and that in the deserts at the 
north. This work carried him along the eastern margin of the Sevier 
Desert, through the lower valley of Beaver Creek, and thence to the 
extreme southern and western limits of the Escalante Desert,'and made 
it necessary to ascend many of the highest peaks of the region. Under 
his direction a series of barometric observations was made, not only 
upon the topographic stations but upon many points of the ancient 
shoreline, especially in the remoter parts of the Sevier Desert where the 
extension of railroads has not yet rendered other means of determina­ 
tion possible. The triangulation was far advanced and the survey of 
the shoreline of the Escalante Bay was completed at the time of the 
rendezvous at Milford.
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For the remainder of the field season the force was redivided, Mr. 
Thompson being sent with a picked company of camp hands upon a 
long and rapid march across one of the most inhospitable portions of 
the desert, and the remainder of the corps traveling slowly toward Salt 
Lake City.

The principal halt of the main party was at White Mountain Spring, 
a few miles south of the town of Fillmore, and camp was maintained 
there for nearly two weeks. From this place excursions were made in 
various directions for the examination of a series of volcanic craters and 
lava beds spread upon the desert in the vicinity, the especial subject of 
investigation being the history of the relation of the volcanic eruptions 
to the several water stages of the ancient lake. A visit was also made 
by Mr. Eussell to the sulphur deposits at Cove Creek, and attention 
was given to a peculiar recent local accumulation of gypsum.

A second halt was made at Lemington Station, where the Sevier Eiver 
issues in a narrow valley from the mountainous district which contains 
its upper course and enters the desert. The locality is of interest by 
reason of the fine section there displayed of deposits of the ancient lake, 
and was made the point of departure for the excursions necessary to 
map the extensions of the lake in Tintic Valley and along the upper 
course of the Sevier. Here the field party was disbanded, and the pro­ 
fessional assistants took the cars for Salt Lake City, where they arrived 
on the twelfth of October.

The field work was not stopped, however, but after a few days spent 
in preparation, a party consisting of Messrs. Eussell, Wheeler, and Web­ 
ster went by rail to Cache Valley, where they made some supplement­ 
ary investigations at localities visited the previous winter. The map 
of the ancient delta of the Logan Eiver, which had been made by Mr. 
Willard Johnson, was slightly extended, and a new map was made of a 
series of shore terraces near the town of Wellsville. Mr. Eussell also 
paid a visit to the outlet of the ancient lake at Bed Eock Pass, and in 
returning to Salt Lake City the party stopped to make examinations of 
the ancient deltas of Box Elder Creek and the Ogden Eiver.

After leaving Milford, Mr. Thompson first ascended Frisco Peak for 
the purpose of completing his triangulation, and then proceeded to de­ 
termine the position of the ancient shoreline in a district lying just west 
of Sevier Lake and which had been passed by in previous exploration 
by reason of the inhospitable character of the country. He was so for­ 
tunate as to find water in some rock pockets which had been filled by 
recent showers, and was thus enabled to accomplish in an entirely sat­ 
isfactory manner that which would else have been a very difficult task. 
He then went to a point between Drum Mountain and' the House 
Eange where previous work had left a doubt as to the ancient configura­ 
tion of the shore, and ascertained that a narrow strait had there joined 
the two bodies of water occupying severally the Sevier and Great Salt 
Lake deserts.
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His course was then directed to the northwest, skirting the margin of 
the Great Salt Lake Desert, to Deep Creek Settlement, where it turned 
northward to the Central Pacific Eailroad at Tecoma. Through nearly 
the whole of this distance he was enabled to follow a wagon road, and by 
the aid of short, lateral excursions succeeded in mapping all of the west­ 
ern margin of the ancient lake which had not been previously well de­ 
termined. At Tecoma he connected the ancient shoreline with the road­ 
bed of the Central Pacific Eailroad by a line of levels, thus determining 
its altitude. He then proceeded eastward, following the line of the rail­ 
road. At Terrace Station he was, by previous arrangement, joined by 
myself, and we continued the investigation of the shorelines in com­ 
pany as far as the town of Kelton, stopping at Dove Creek and Ombe 
to make special examinations, measurements, and maps. In this region 
the work of the Survey was greatly facilitated through the courtesy of 
the officers of the Central Pacific Eailroad, who permitted the party to 
supply itself with water from the tanks maintained by the railroad at 
their stations. The region is devoid of fresh-water springs, and it would 
have been a matter of great difficulty to have conducted the investiga­ 
tions there without the assistance afforded by-the railroad.

From Kelton the writer and Mr. Thompson made a trip to Cache 
Valley by rail, while the wagon and material were taken by the camp 
men to Salt Lake City. It had been suggested by Mr. Thompson that 
certain puzzling phenomena connected with the shoreline would find 
their explanation in the hypothesis that an outlet of the lake had once 
existed from Cache Valley through Gentile Valley and what is known 
as Basalt Valley, northward to the basin of the Columbia, and had been 
afterward closed by the volcanic eruptions of Basalt Valley; and the ex­ 
cursion to Cache Valley and Gentile Valley was for the purpose of testing 
that hypothesis. It was found, however, to be untenable and only a brief 
stay was made. The terraces of Gentile Valley, although not produced 
by the waves of the ancient lake, offered au attractive field of study to 
which time and attention would have been devoted but for a fall of snojv 
which covered the ground to the depth of several inches and effectually 
prevented all detailed observation.

By the thirteenth of November all the professional assistants were 
gathered iu Salt Lake City, and, with the exception of a few short excur­ 
sions, no further field work was performed that year.

In the following spring (1881) Mr. Eussell again took the field, begin­ 
ning his preparations at Salt Lake City and completing them at the 
town of Deseret, from which point he set out on the tenth day of April. 
The work intrusted to him was a reconnaissance of the ancient lake 
which in western Nevada formed a companion to Lake Bonneville—the 
lake to which King has given the name "Lahontan." His route for the 
first week lay within the basiu of Bonneville, and before reaching the 
shores of Lahoutan he crossed several valleys which had contained 
(doubtless at the same epoch of geologic time) small lakes. It was
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anticipated that he would continue his work through the entire season, 
and at the tune of the present writing he is still in the field. His 
reports of progress show that before the close of the fiscal year he 
had completed his examination of the southern shore of the lake, mak­ 
ing a preliminary map of it and ascertaining definitely that there was 
no outlet of the water in that direction. He made also a preliminary 
examination of the vestiges of a lake of some magnitude, of which 
Mono Lake is the shrunken modern representative, and discovered a 
number of localities in which glaciers from the Sierra Nevada had 
descended to points below the level of its waters. His studies of these 
localities, although brief and as yet incomplete, have already afforded 
valuable contributions toward the co-ordination of the glacial and 
lacustrine histories.

OFFICE "WOBK.

Immediately on the completion of the field work, the initiatory steps 
were taken for the establishment of au office. It was the purpose of 
the Director that the principal labor of the reduction and discussion of 
the field notes and field material gathered by the Division should be 
performed at Salt Lake City, and great care was therefore taken in the 
selection of an office site and in its equipment and organization. This 
duty necessarily consumed a large share of time and attention, and 
several weeks passed before the professional office work was fairly 
undertaken. In due time, however, a suitable building was leased, the 
necessary furniture was placed in it, and the material of the Survey was 
put in order. A thorough system of cataloguing by means of cards was 
inaugurated, not only for the maps and books of the office, but for all 
matters of record and for the numerous articles of camp equipage and 
other field material, which were stored in the same building.

In a frontier town there was, of course, no library suited to the needs 
of the professional work in hand, but the want was very fairly met by 
combining the technical works contained in the private libraries of the 
members of the Survey, which were loaned for the purpose. To the 
collection thus brought together a few works were added by purchase, 
and as soon as practicable it was furnished with a card catalogue. .

The office force comprised at first Messrs. Thompson, Russell, Wheeler, 
Webster, and the writer, and a small amount of clerical work was per­ 
formed by the janitor, Mr. Gill. In December the force was reduced by 
the resignation of Mr. Wheeler, in March by my departure for Washing­ 
ton, where I was ordered for the completion of the preparation of my 
report, and in April by the departure of Mr. Eussell for field duty; so 
that at the close of the fiscal year it consisted of Messrs. Thompson and 
Webster ouly.

The work of the office consisted chiefly in the elaboration and dis­ 
cussion of the geologic and geographic material gathered in the field. 
Computations were made of the geographic positions of points deter­ 
mined by the triangulatiou, maps were compiled and prepared for the
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engi-aver, barometric altitudes were computed, and the numerous alti­ 
tudes determined by spirit level were combined by means of connecting 
railroad surveys so as to- be referred to a common zero. The geologic 
observations were classified and discussed, and in a few.instances short 
excursions were made to settle matters of doubt by supplementary ob­ 
servations. In one of these excursions a new tide-gauge was established 
at Garfield Landing for observations on the rise and fall of Great Salt 
Lake, and series of synchronous readings were taken upon the new 
gauge and upon the old one at Lake Shore for the purpose of ascertain­ 
ing the relation of their zeros. In another excursion a level was run from 
the tide-gauge at Lake Shore to a number of benches in Salt Lake City, 
and in yet another the altitude of the ancient shoreline in the neighbor­ 
hood of Camp Douglass was redetermined by level.

A series of experiments was made for the determination of the influ­ 
ence which the presence of salt in water has upon sedimentation, and a 
series of computations was begun for the purpose of testing a new 
method of barometric hypsometry, which forms the subject of an essay 
in this volume.

lu the equipment of the office no provision was practicable for chem­ 
ical work, and the analyses called for by the investigations of the corps 
were therefore put in the hands of chemists not otherwise connected 
with the Survey.

In Washington the study of the geologic material was continued by 
the writer, and with clerical assistance the computations in barometric 
hypsometry were carried forward. Field sketches designed to illustrate 
the report on Lake Bonneville were placed in the hands of Mr. W. H. 
Holmes, under whose supervision the work of redrawing for the en­ 
graver was most auspiciously begun.

The field and office labors of my assistants have, without exception, 
been characterized by zeal and efficiency. The mapped outline of the 
lake, which constitutes the most tangible of our results, is a joint work 
to which each has contributed his quota. Drawn upon a larger scale by 
Mr. Thompson, it will be issued with the monograph of Lake Bonne­ 
ville, now in preparation. The same volume will contain numerous local 
maps by Messrs. Wheeler, Thompson, Webster, and Johnson, and a re­ 
port on the hypsometric work by Mr. Webster. These will speak for 
themselves in due time and need no commendation here. There can be 
no better place than this, however, to express my appreciation of the 
never failing promptitude with which all wants of the Division have 
been met, or even anticipated, by Mr. MeChesney on behalf of the cen­ 
tral ofBce, and by yourself.

I am, with great respect, your obedient servant,
G. K. GILBERT, 

Geologist in Charge,
Hon. J. W. P DWELL,

Director United States Geological Survey, Washington, D. C. 
2 G A
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REPORT OF MR. S. F. EMMONS.

UNITED STATES GEOLOGICAL SURVEY, 
DIVISION OF THE KOOKY MOUNTAINS,

New York, October 20, 1881.
SIB : I have the honor to submit the following report of progress in 

this division during the past fiscal year:
In my report submitted to your predecessor, Hon. Clarence King, a 

year since, I stated that I hoped to have my memoir upon the Geology 
and Mining Industry of Leadville ready for publication during the spring 
of 1881. I regret to say that these hopes have not been fulfilled, and 
that even at this late date there still remains considerable work to be 
done before it can be put in the hands of the printer.

The delays arise in large part from the inherent difficulties of the 
work, which requires for its illustration a most extensive and elaborate 
set of maps, sections and diagrams, the preparation of which necessi­ 
tated much greater labor, both in field and office, thau had been foreseen. 
The natural difficulties of the work were moreover greatly enhanced by 
a combination of adverse circumstances.

The season for out of door work, when the ground is comparatively free 
from snow, always very short at Leadville, was during the summer of 
1880 unusually so, snow having fallen permanently before the 1st of 
October, where on the year previous it was possible to do outside geol­ 
ogy up to the middle of November.

Again, the want of funds consequent upon insufficient appropriation 
by Congress for the use of the Survey, rendered the desired increase of 
my corps of assistants impossible, and a portion of my map work had 
to be intrusted to private engineers. Thus the completion of our maps 
was in a measure dependent upon the greater or less press of other 
•business, in consequence of which, in one instance, work which in sum­ 
mer might have been completed in six weeks, was only accomplished 
after five months of intensely laborious field work, during the winter, 
with snow covering the ground in places to a depth of 15 or 20 feet.

The chemical examinations, which constitute a most essential part of 
the investigation, and without which the study would have been de­ 
prived of a great part of its practical as well as scientific value, were 
much delayed by the necessity of having a laboratory building expressly 
erected, and the difficulty of procuring pure reagents, so that this work 
was not fairly under way before winter set in.

Owing to the small salaries our pecuniary necessities compelled us to 
pay, our draughtsmen were constantly changing, being offered larger 
salaries elsewhere, and much time was thus lost in familiarizing new­ 
comers with the peculiar character of the work.
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All these delays have been annoying to all engaged in the woi-k, for 
the imperative necessity of publishing a memoir of such practical bear­ 
ing upon mining industry at the earliest possible date, before its results 
had been discounted by the rapidly advancing developments of mines, 
was felt by the entire corps, and I feel it my dnty to bear testimony to 
the cheerful alacrity with which these gentlemen have volunteered to 
work out of hourSj and on Sundays even, when necessary for the com­ 
pletion of special parts for the engraver.

Field-work was finished, and the Leadville office discontinued on the 
1st of April, 1881. The whole corps, with the addition of temporary 
draughtsmen, was then employed in the Denver office upon the filial 
preparation of our numerous maps and illustrations for the engraver, 
until which were completed the actual memoir and final results of the 
investigation could not be written.

On the 35th of August I proceeded to New York to give my personal 
supervision to the preparation of the illustrations in the hands of Mr. 
Julius Bien, which are now.in an advanced stage; the great labor in­ 
volved, however, which will readily be appreciated by one perusing the 
list of maps and plats, given below, renders it impossible to give a 
definite date for their completion.

In addition to the work upon the Leadville memoir, no inconsiderable 
portion of my time has been occupied in supervising the compilation, and 
preparation for publication, of the statistics of precious metals which 
have been collected in my division during the year for the Tenth Cen­ 
sus, and are now being printed.

All the members of my corps were busily occupied during the entire 
summer either in finishing up the investigations commenced in their in­ 
dividual specialties or assisting in the preparations of the numerous 
maps, sections, and diagrams for publication. No new work could con­ 
sequently be undertaken until they were relieved from these duties.

About the middle of August Mr. C. W. Cross took the field at Golden, 
Colo., and in the middle of September Mr. E. Jacob proceeded to Ko- 
komo to complete some insufficient data along the northern border of 
the general map of the Leadville atlas, and to commence a report upon 
the Ten-mile District of Summit County.

The two small monographs which these gentlemen are engaged upon 
are all that could safely be undertaken with the means at our command, 
and for which the necessary maps are available, for experience in the 
case of the Leadville report has shown that the commencing of such 
work without accurate maps already prepared, results in great loss of 
time, and renders one liable to annoying misconceptions and delays.

The plan of the work upon which Mr. Cross is engaged at Golden, 
Colo., comprises the following investigations:

1. A study of the basaltic flows, of which the mesas or table mount­ 
ains at Golden are the relics.

a. Their lithology and mineral constituents, including an examina-
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tion and determination of the numerous and interesting zeolites which 
abound in them.

b. Their relations to the inclosing Tertiary and Cretaceous beds, 
with special reference to deciding the vexed question of the age of the 
coal rocks of Colorado.

2. As a sequence of the above, which may be considered rather of 
purely scientific interest, the following investigations of more directly 
practical and economic bearing will receive especial attention.

a. Careful study of the coal horizons, as developed along the foot-hills 
of the range for some 10 to 20 miles in either direction, with special ref­ 
erence to the extent, thickness, and composition of the beds of coal, 
fire-clay, building stone, and other materials of economic value contained 
in them.

b. The construction of underground sections of the country to the 
east of the foot-hills for about 20 miles, and the determination, in as 

. accurate a manner as the present developments will admit, of the depths 
at which coal may be found throughout the Denver basin.

In the prosecution of this work the chemical examination of rocks, 
minerals, and economic products will be conducted, as hitherto, by Mr. 
W. F. Hillebrand in the laboratory of the division at Denver.

This report will be Illustrated by two geological maps, with explana­ 
tory sections and diagrams.

1st. Map of the Golden mesas, on a scale of 1,500 feet to the inch, to 
form one single atlas sheet, and include an area of about four by five 
miles.

2d. General map of the Denver coal basin, on a scale of two miles to 
the inch, to cover an area of about 25 by 30 miles, also to form one sin­ 
gle atlas sheet.

In the present early stage of the work it is impossible to foresee the 
extent of the investigations which may be found necessary, or to fix a 
time for its completion. It is to be hoped, however, that the field-work 
may be practically finished before winter, and the publication of the 
results ensue in the coming summer or autumn.

The report upon the Ten-mile District, which was originally intended 
to be included in the report upon Leadvillo, will form, as it were, an 
appendix to this report, the map joining directly the northern border 
of its general map. and the geology and character of its ore-deposits 
being similar, and yet sufficiently distinct to present an interesting 
sequence to the study presented in the latter report. This report will 
be illustrated by a geological map of the district on a scale of two 
inches to the mile, covering an area of abont 7 by 9 miles, to form a 
single atlas sheet, accompanied by illustrative sections and diagrams.

It is expected, unless want of funds renders it necessary to reduce my 
corps still further, that this report will be completed and ready for pub­ 
lication in the coming spring.

I have the honor to submit, herewith a brief synopsis of my memoir
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upon the Geology and Mining Industry of Leadville, Colo., accompanied 
by a double-page geological map of Leadville and vicinity, with three 
colored sections illustrative of underground structure, on a scale of one- 
half mile to the inch, the same being a portion of the general map of the 
Musquito Eange, which will accompany the final report. 

Yery respectfully, your obedient servant,
S. F. EMMONS,

Geologist in charge. 
Hon. J. W. POWELL,

Director United States Geological Survey.

REPORT OF MR. ARNOLD HAGUE.

UNITED STATES GEOLOGICAL SURVEY,
DIVISION OP THE PACIFIC,

New York, October 1, 1881.
Sin: I have the honor to submit the following report of operations 

conducted by the Division of the Pacific for the year ending September 
30,1881:

In accordance with the instructions of your predecessor, Hon. Clar­ 
ence King, I proceeded in July of last year to Eureka, Nev., for the 
purpose of making a geological survey of a tract of country embracing 
not only the very productive mines of tbe Eureka mining district, but 
all those which occur in the same broad mass of mountains, including 
the Secret Canon District to the south, and the Silverado to the south­ 
west.

For the accomplishment of this work I was accompanied by two geo­ 
logical assistants, Mr. Charles D. Walcott and Mr. Joseph P. Iddings, 
and while they both rendered efficient aid in all departments of field 
work, Mr. Walcott devoted most of his time to paleontological questions, 
and Mr. Iddings was kept busy with the mapping of volcanic rocks.

As a basis for geological work, an admirable topographical map was 
then in course of construction by Mr. F. A. Clark and his assistants. 
They had taken the field in August the previous season, working as long 
as the weather would permit, and only occupied winter quarters long after 
tfie ground was covered with snow. In early spring, as soon as the sea­ 
son was favorable, the topographical party again commenced operations 
and pushed the work rapidly forward. Nevertheless on my arrival I 
found the area of country intended to be covered but little more than 
half surveyed. As rapidly, however, as the plane-table sheets were 
completed, copies were made on tracing linen, and photographic dupli­ 
cates prepared by the " blue process" were placed in the hands of the 
geological w,orker.

For purposes of accurate geological work, it seems to me indispensable
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for the geologist, 011 taking the field, that he should be furnished with 
completed maps of the district to be surveyed. It not only gives him 
clearer ideas of the main structural features of the country, and conse­ 
quently the problems presented to Mm, but saves much, time in his own 
instrumental work. Geological structure is so intimately connected 
with and dependent upon topographical features that the better the 
geologist sees the mutual relations of every hill, ridge, and ravine, the 
better equipped is lie for the work placed before him. Moreover, no 
matter how painstaking he may be, he can never lay down with precis­ 
ion the boundaries of formations as well as when provided with a prop­ 
erly constructed map.

The Eureka Mining District, with Kuby Hill as a center of mining 
activity, stands pre-eminent in the United States as a district producing 
rich argentiferous lead ores. Its great economic importance, the highly 
interesting mode of occurrence of the ore deposits, not only in the great 
ore chambers of the leading mines but those of lesser value scattered 
through the hills, and the singularly complicated geological structure of 
this broad mountain mass with its profound faults and varied outbursts 
of volcanic material, made the selection of this tract of country a most 
judicious one for a thorough survey accompanied with elaborate maps.

The region covered by the present survey embraces a tract of country 
nearly twenty miles square. It is situated on the Nevada Plateau in 
Central Nevada, being midway between the Carson Baain to the west. 
ward and the Salt Lake Basin to the eastward. The 116th meridian 
west from Greenwich passes just to the westward of the center of the 
map, and the 39° 30' parallel of north latitude crosses Kuby Hill. It 
lies partly in the county of Eureka and partly in the county of White 
Pine. It forms a rough, broken, mountainous region surrounded on all 
sides by the well-known Quaternary valleys of Nevada, presenting topo. 
graphically and geologically a nearly isolated block connected by nar. 
row ridges with two of the principal ranges which cross the State. To 
the north Diamond Valley is inclosed by two parallel longitudinal 
ranges, the Diamond and Pinon, which in the neighborhood of Eureka 
lose their distinctive features of. narrow sedimentary uplifts, becoming 
lower and broader, and, uniting with Prospect Mountain ridge and large 
outbursts of igneous rocks, present a complicated mass of mountains 
and hills. This region may be designated as the Eureka District.

It is doubtful if any area of equal extent in Nevada possesses more 
varied topographical features, with strongly marked contrasts, capable 
of producing, when properly delineated, a beautiful map. Most areas 
in the State present long longitudinal ranges, with short lateral canons 
stretching out on both sides of the main axis, the ridge being too nar­ 
row to offer any diversity of structure. Here, however, the coming to­ 
gether of several mountain uplifts, connected and penetrated by numer­ 
ous volcanic outflows, admits of sharp contrasts in the physical features of 
the country. In close proximity may be found long, serrated ridges, broad,
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flat summits, gently sloping tables of nearly horizontal sedimentary 
beds, and highly inclined strata with abrupt escarpments. Many of 
the more prominent mountains are characterized by the high angle of 
their long, uniform slopes—notably Diamond and Prospect Peaks. 
Broad, shallow basins, narrow, deep canons, with perpendicular walls, 
and open, winding valleys connect the higher summits with the low­ 
lands.

Among volcanic rocks, broad, gently inclined fields of basalt, with 
their abrupt cliff-like walls, are easily recognized. Rough, irregular 
outflows of rhyolite aud crumbling, easily-eroding pumices add their 
full share to the diversity of outline. In many cases the igneous out­ 
bursts have changed previous water channels, making the earlier and 
somewhat intricate drainage still more complex.

On the Nevada Plateau the broad Quaternary valleys have an aver­ 
age height of 6,000 feet above sea-level. This is about the altitude of 
Diamond Valley. The lowest contour lines on the map oi the Eureka 
District, both in Diamond and Fish Creek Valleys, taking the Eureka 
and Palisade "Railroad as a base, are exactly 6,000 feet above sea level. 
Above the level of these sage-brush valleys many prominent peaks rise 
from 2,500 to 4,500 feet. Diamond Peak, in the northeast corner of 
the map and at the southern end of the Diamond Range, measures 
10,637 feet above sea-level. Prospect Peak, a central station and the 
second point in the district, measures 9,604 feet, and Atrypa Peak, to 
the southwest, in the same ridge, has an altitude of 9,063 feet above 
sea-level. In the Fish Creek Mountains, White Cloud Peak, near the 
southern limit of the map, the highest point on a broad plateau-like 
ridge, readies 8,950 feet above sea-level.

The active field season for geological operations occupied four months 
and ten days, from July 25 till December 5, a period far too short for 
the district, when we consider either its great economical importance 
as a silver-lead producing region or its complicated geological structure, 
and bearing upon the geology of the Great Basin.

After organizing the party for field work, I took a rapid survey of the 
entire district, to obtain, as far as possible, correct opinions as to the 
nature of the country to be examined, and the best way of accomplish, 
ing the survey with the least loss of time and labor; at the same time 
to learn, as far as it might be possible, the problems presented in its 
study. In attacking a new and unknown geological field, much de­ 
pends on going to work not only in the right way, but in the right 
place. Many problems in field work, which in one locality may seem 
almost impossible to solve, may within a mile, or even within a few 
hundred feet, be answered at a glance, and the true relations of rock 
masses, when once correctly understood, save much valuable time in 
future work.

The first camp was made in the broad basin of New Tork Canon, on 
the eastern side of Prospect Peak, and our first systematic work began
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along the western base of the mountain. This proved to be a forti aate 
selection, as it was afterward discovered that here were the oldest beds, 
and, of course, the base of the entire sedimentary series of rocks exposed 
at Eureka. The construction of the first cross-section was begun at 
this point.

From this time we were highly favored with good weather, never 
forced to stop work for a day, and surveys pushed forward without 
interruption through summer and autumn. Before the close of the 
season mapping Was all completed and several cross-sect ions made. 
Large collections of sedimentary rocks were obtained, illustrating the 
entire series of Paleozoic beds found at Eureka. In crystalline rocks 
the collection is quite large, showing not only every variety to be found 
in the district, but specimens from nearly every locality represented on 
the map. Much time was devoted to paleontological work, and collect­ 
ing carried on with energy, which was rewarded with success.

Field operations were only brought to a close by continued low tem­ 
perature of winter, accompanied by high winds and violent snow-storms. 
During the last three weeks of the season the thermometer in camp 
registered in the region of zero every night, and on one occasion fell as 
low as —16° Fahr. I afterwards learned that the most severe weather 
of the winter occurred during our last weeks of work. Upon leaving 
Eureka, Mr. Walcott, under instructions, proceeded to New Mexico to 
study the formation and make a collection of plant-remains from Triassic 
rocks in the neighborhood of Santa Fe, and Mr. Iddiugs went to Vir­ 
ginia City, Nev., for a short time, to do some work under Mr. G. F. 
Becker's direction.

The topographical party, although working under great difficulties, the 
mountains being covered with snow, were obliged to remain in camp to 
complete their field surveys till December 12. Upon the completion of 
the work, Mr. Clark, with his assistants, proceeded immediately to San 
Francisco, and began the compilation of the map from the sixty-four 
plane-table sheets prepared in the field.

The instructions issued to Mr. Clark were to prepare a grade-curve 
survey of twenty miles square, adopting a scale of 1:10,000, with 50 
feet vertical interval between contours, this scale being deemed ample 
to furnish sufficient detail to lay down all desired geological formations 
with precision, and to express geological structure in its relation to the 
varied and characteristic topography of mountain and valley. Upon 
this map may be accurately located all the mines of the district. By 
close application to office work, the map, covering a broad, handsome 
sheet nearly eleven feet square, was compiled by the first of March, 1881, 
and immediately forwarded by express to the Washington office.

Work upon the material gathered during the season was greatly 
hindered by vexatious delays in the delivery of freight; the boxes sent 
from Eureka not reaching their destination till February 1. Imirc- 
diately upon their arrival the collections were unpacked, properly
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labeled and catalogued, and arranged for purposes of study, after 
•which the preparation of reports was begun by writing out and care­ 
fully arranging in a systematic manner the results of the season's field 
notes. From this time forward the work has progressed steadily with­ 
out interruption.

In the month of July, under your instructions, I again visited Eureka 
for the purpose of examining some unsettled points in its geology, 
brought out by a study and comparison of observations and sections at 
different localities after leaving the field. Pressed as I was for time to 
push forward for publication the geological maps, although many in­ 
teresting questions presented themselves, I remained only two weeks 
in Eureka, returning immediately to New York.

The scale of the map finally adopted for publication as best suited to 
show the geology and topography of the Eureka District is 1,600 feet 
to the inch, a little more than one-half the size of the original field sheets.

This large map, while it permits of amply expressing most of the 
minor details of geology, including the smaller outbursts of igneous 
masses, is on too large a scale to present a comprehensive view of either 
the topographical or geological structure. This is especially true where 
the map is published on several detached sheets, which are not readily 
placed together without considerable space. To obviate this difficulty, 
and to give the advantages of a small map as well as of a large one, the 
map has been reduced to proportions which permit of its being published 
as a single atlas sheet, easily held in the hand. This presents a bird's- 
eye view of the topography and the mutual relations of the different 
mountain systems. On this smaller scale, the publication, while it pos­ 
sesses much less value as a working map, is much more effective in bring­ 
ing out the orographic structure and marked contrast of mountain forms. 
Where the contours are thrown closely together, the sharp ridges and 
steep cliffs present the advantages of light and shadow. In a region 
where the mutual dependence between topographical features and geo­ 
logical structure are so well shown as at Eureka, and as in so many 
places the boundaries between geological formations are marked by 
prominent physical features, it is of the first importance to possess a 
comprehensive sketch-map, which gives the entire field at a glance. 
The small map is an exceedingly fine specimen of engraving.

Most of the atlas sheets are engraved, and those requiring color dis­ 
tinctions for geological purposes are nearly ready for the printer.

The atlas accompanying the report will contain twelve sheets:—
Sheet I, title page.
Sheet II, map of Eureka District; a single atlas sheet 14 by 15 inches, 

scale 7,200 feet to the inch. On this map will be shown locations of all 
important mines, principal wagon-roads, and elevation above sea-level 
of prominent mountains and well-known land-marks.

Sheet III, geological map of Eureka District; a single atlas sheet. 
This is the same map as Sheet II, with the geological formations printed
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over it in color, and the boundaries of the large geological sheets laid 
down.

Sheets IV to XI, inclusive, eight double atlas sheets, geological maps 
of Eureka District. The scale is 1,600 feet to the inch. The area cov­ 
ered by these maps is precisely the same as that of Sheet III. They are 
numbered consecutively from left to right, No. IV being in the upper left- 
hand corner of the general map. Two maps cover the area from west 
to east.

Sheet XII, geological cross-sections, drawn to a natural scale, across 
the map from west to east, showing the structure of the different sedi­ 
mentary uplifts and their relations to the'igneous outbursts.

Upon the general geological map (Atlas Sheet III) the geological feat­ 
ures of the district are expressed in twenty-five color distinctions, sixteen 
of which belong to sedimentary formations, and nine to igneous rocks. 
In the sedimentary series the Cambrian, Silurian, Devonian, Carbonifer­ 
ous, and Quaternary are represented. In crystalline rocks, granite, gran­ 
ite-porphyry, and quartz-porphyry represent the pre-Tertiary masses, 
while Tertiary volcanic outbursts are classed as hornblende-andesite, 
augite-andesite, dacite, rhyolite, rhyolitic pumice, and basalt.

The number of formations delineated upon each of the eight larger 
maps varies from eight to twenty-one, Sheet IV requiring twenty-one 
color distinctions to express properly the geological features. The 
four formations unrepresented are the pre-Tertiary crystalline rocks 
and dacite, a highly acidic quartzose form of andesite, which only ap­ 
pears in the southern and western areas of the map, removed from the 
great center of volcanic activity.

These details of formation serve to show the complicated geological 
structure of the country surveyed, which, like most regions made up of 
a great thickness of sedimentary beds, accompanied by volcanic activ­ 
ity, is one of profound faulting and displacement, and the continuity of 
strata broken and obscured by masses of lava.

In the report upon the Eureka District my wish is to present as con­ 
cisely as possible an account of its geological structure and history, and 
its relations to adjacent parts of the Great Basin.

The main features of the work will be as follows:
First. A description of each mountain ridge or block, giving a detailed 

account of each formation as outlined on the map and their relations to 
each other as shown in a comparison of cross-sections.

Second. A detailed description of the great series of Paleozoic sed­ 
iments, whose 20,000 feet of strata, from the base of the Middle Cambrian 
well up into the Upper Coal Measure limestone, present excellent op­ 
portunities for geological and paleontological study.

Third. An account of some of the more important dynamical events 
which have produced the present physical features of the country, and 
broken the sedimentary beds up into great blocks, such as we now find.

Fourth. A history of Tertiary volcanic activity with its variety of
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geological phenomena—an activity which probably prevailed through a 
long period of time, dnring which every type of Tertiary volcanic rock, 
except trachyte, found its way to the surface, although in very varying 
proportions. The relations of the sedimentary beds to the volcanic rocks 
will be discussed, and the connection between the great north and south 
lines of faulting and lines of igneous outbursts will be shown. Investi­ 
gations as to the sequence of volcanic rocks are always of great interest, 
and the Eureka District can, I think, add something to our stock of 
knowledge in this direction. The rhyolitic pumices and tufas cover so 
large a tract of country, extending with nearly unbroken exposures from 
Diamond Valley on the north, southward across the "Pinto Divide" and 
Pinto Basin until buried beneath the mountain debris of Fish Creek 
Valley, that they furnish much interesting evidence as to their age and 
relations to other volcanic rocks.

Fifth. Both for economic and purely scientific purposes, the position 
and geological horizou of all the more important mining properties of 
the several mining districts will be given, and some observations re­ 
corded as to the relations of the ore deposits to both Tertiary and pre- 
Tertiary crystalline rocks.

In the Cambrian rocks alone, which form the principal body of Pros­ 
pect Mountain ridge, there is a very wide vertical range in geological 
position between ore deposits lying near the base of the lower lime­ 
stone and deposits like the Page and Corwin in the Pogouip limestone, 
on the east side of Secret CaQon, jnst north of Koundtop Mountain.

Prospect Mountain ridge forms the most prominent feature in the 
Eureka District, extending from Diamond Valley southward for nearly 
nine miles. South of Prospect Peak it is intricately connected with the 
Fish Creek Mountains, which trend off to the southwest, stretching out 
beyond the limits of our map. Prospect Mountain presents a .sharp 
broken outline with abrupt slopes to the westward, and long irregular 
ridges and hills to the eastward. The strata are everywhere inclined 
at a high angle. On the other hand, Fish Creek Mountains exhibit a 
broad table with horizontal or gently inclined strata. Taken together 
they form the greater part of the Cambrian exposures.

In the Cambrian period both the Middle Cambrian and Upper Cam­ 
brian are well exposed. There have been recognized seven well-defined 
formations, beginning with the lower, as follows: Prospect Mountain 
quartzite, Prospect Mountain limestone, Secret Canon shale, Hamburg 
limestone, Hamburg shale, Pogonip limestone, Eureka quartzite.

All these formations are designated by local names, with the excep­ 
tion of the Pogonip limestone, which is so called from Pogonip Mount­ 
ain, in the White Pine mining region, where the horizon is well de­ 
veloped.

From the base to the top of the group the Cambrian presents a con­ 
formable series of beds. The Eureka quartzite, while it carries no pa 
Icoutological evidence of its age, is, on account of its couformability
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with the Pogoiiip limestone, placed at the summit of the upper Cam­ 
brian. Between the Eureka quartzite and the next overlying limestone 
there is a non-conformity of deposition, and the true Silurian beds come 
in with a marked change in fauna. This non-conformity, which has 
never before been recognized in the Great Basin, is, I think, of very 
considerable importance in stratigraphical geology, and some facts in 
relation to it I propose, in my report, to bring out in detail.

On the map, the Silurian period is designated by one color, as no well 
defined horizons have as yet been determined, and the boundary line 
between it and the Devonian by no means sharply ascertained. In the 
Devonian two color distinctions are given: one for the great limestone 
belt, which is not only one of the marked geological features of the dis­ 
trict, but oue of the highest importance in studying the series of palaeo­ 
zoic sediments in the Great Basin; and the other for the black argilla­ 
ceous and arenaceous shales which overlie the limestone.

These beds have been named' the White Pine shales, from the local­ 
ity where they were first recognized, in Eberhardt Canon, and under­ 
lying the town of Hamilton. The characters of the two groups are quite 
similar, although at Eureka they attain a much greater development 
than at White Pine.

For the Carboniferous period four geological divisions are well marked 
and require as many color distinctions. They are designated as Dia­ 
mond Peak quartzite, Lower Coal Measure limestone, Weber conglomer­ 
ate, and Upper Coal Measure limestone, and reach their highest devel­ 
opment in the northeast corner of the district, where they form the south­ 
ern termination of the Diamond Eange. The lowest members form the 
slopes of Diamond Peak.

Among the most interesting and important results of the season's 
survey to geologists and paleontologists will be the invertebrate fauna 
collected from the paleozoic beds. Before the systematic survey was 
undertaken, the Eureka District was regarded as a very poor one for 
organic remains. Indeed, with the exception of a small collection of 
fossils, made by the writer during a two days' visit to the mines on 
Ruby Hill several years previous, and described in the volumes of the 
Geological Exploration of the Fortieth Parallel, I believe very little has 
been brought in. The collection made at that time was from the Pogo- 
nip beds of the Upper Cambrian, east of Adams Hill, and from the Car- 
boniterous limestones, on the hill south of the Richmond furnaces.

The collections made by the Eureka District survey number about 
4,500 specimens. While this is by no means a large number as com­ 
pared with well-known and thoroughly-explored regions in the Eastern 
States and Mississippi Valley, it is, so far as I know, very much the 
largest collection of paleozoic fossils ever brought in from any equally 
limited area in the Far West. Its value, however, does not consist in 
its size, or in the number of new species found, mention of which will 
be made further on, but from the systematic collection obtained in one
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geological district, extending through more than 20,000 feet of paleozoic 
sediments formed of limestones, shales, clays, quartzites, sandstones, 
conglomerates, and grits, extending from the base of .the Middle Cam­ 
brian well up into the Upper Coal Measure limestone. No attempt was 
made, owing to the limited time at our disposal, to gather large collec­ 
tions. Even in those localities which offered the most' favorable op­ 
portunities, there was never more than a part of a day devoted to col­ 
lecting. The time was not occupied in examining well-denned horizons, 
but in carefully searching through hundreds of feet of limestone and 
arenaceous beds, mainly barren or with poorly preserved forms, for evi. 
dences of organic remains to fill up the gap in the great series of beds. 
Much time was also given to obtaining paleontological evidences of ho­ 
rizons in complicated structural regions and regions showing consider­ 
able faulting and disturbance from outbursts of volcanic masses. In 
many such cases stratigraphical and lithological evidences fail entirely, 
and it is necessary to rely almost exclusively on organic remains.

In the Olenellus beds, a narrow belt of arenaceous shales, lying at the 
base of the Prospect Mountain limestone, occur the lowest fossiliferous 
strata found in the district. It is probable, from the association of 
forms found here, that the Olenellus beds are near the base of the Mid­ 
dle Cambrian strata. Unfortunately, no beds came to the surface below 
the Prospect Mountain quartzite, which immediately underlies the Pros­ 
pect Mountain limestone. If the district anywhere exposed a lower 
group of fossiliferous strata, they would probably belong to the Para- 
doxides beds of the Lower Cambrian.

Here at Eureka we have a good section of the Middle and Upper Cam­ 
brian rocks. NOAV, one of the most desired points in the stratigraphy of 
the Great Basin of Utah and Nevada is a good exposure across the 
Lower and Middle Cambrian, which would connect the lower rocks with 
those of Prospect Mountain. Above the shale, which is a transition 
band between the quartzite and limestone, the beds pass into a true 
limestone, which forms the greater part of both slopes of Prospect 
Mountain ridge. This limestone, poor in fossil remains, passes at its 
base into beds yielding Potsdam forms. Allied species occur through 
the Hamburg limestone and Hamburg shales.

East of the Hamburg mine, at the base of the Pogonip or Upper Cam­ 
brian limestone, there is a decided mingling of species, but passing up­ 
wards we gradually find higher forms, and at the top the fauna indi­ 
cates the horizons of the Calciferous and Chazy. Conformably overly­ 
ing the Pogonip limestone occurs the Eureka qnartzite, which is without 
any recognized organic remains, and which, as already mentioned, owing 
to its stratigraphical position, is placed at the summit of the Cambrian 
series.

Between the Eureka quartzite at the base and Diamond Peak quartz­ 
ite, which is regarded as the base of the Carboniferous period, at the 
summit, the beds yield ample paleontological proof to confirm the strat­ 
igraphical evidences of their Silurian and Devonian age. The Silurian
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is represented by characteristic but poorly-preserved fragmentary re­ 
mains, but identical with or closely allied to forms common to the Tren­ 
ton of Kew York. On the other hand, the massive beds of Devonian 
limestone have yielded a rich and varied fauna.

From the two great belts of Carboniferous limestone separated by the 
Weber conglomerate, valuable additions have been made to our knowl­ 
edge of their life. As the limestones are, in general, favorable for the 
preservation of organic remains, fossil-bearing horizons occur through­ 
out the series, and geologists are not so dependent upon favored local­ 
ities as in the Lower Paleozoic rocks.

Accompanying my report upon the "Geology of Eureka District" will 
be Mr. Charles D. Wolcott's report upon the paleontology of the dis­ 
trict. It will, I think, be accepted as a valuable contribution to our 
knowledge of the geology of the Great Basin.

Mr. Walcott's detailed study of the paleontological material shows 
three hundred and fifty-nine species in the collection. Of these three 
hundred and fifty-nine species, two hundred and ninety-nine have been 
specifically determined, the remaining sixty receiving only a generic 
name, as they are either imperfectly represented, or, as in the case of the 
Trenton fauna and Devonian corals, it appeared best to await the col­ 
lecting of more complete material before attempting to illustrate them.

The Cambrian fauna, embracing both the Middle and Upper divisions, 
contains one hundred and nineteen species, of which no less than sixty- 
three have been indentifled as new. An unusually large brachiopodous 
fauna for this age is represented by twenty-four species. The Trilobita 
are represented by fifty-nine species, a percentage of the entire fauna, 
rather below the average. The genus Receptaculites is distinguished by 
the presence of three species and an immense number of individual 
specimens of one of them, Receptaculites Gumbeli, occurs in the upper 
portion of the Pogonip limestone.

The Silurian fauna is but slightly developed, and the material ob­ 
tained mainly from the Trenton formation. The thirteen species found 
are sufficient to indentify the geological horizons, but are too poor and 
fragmentary for detailed study.

From the Devonian rocks the fauna includes one hundred and forty- 
four species, thirty-eight of which are new, and 50 per cent, are identical 
with species occurring east of the Mississippi Eiver.

The accompanying lists show the varied character of the fauna:
Genera. Species.

Porifera ............................................................... 3 3
Actinozoa.............................................................. 10 18
Brachiopoda ........................................................... 1(J 63
Lamellibranohiata ..................................................... 14 15
Gasteropoda ........................................................... 10 24
Pteropoda ............................................................. 3 6
Cephalopoda.................-.....................................'.... 4 8
Crustacea.............................................................. 2 ' "
Pceeilopoda............................................................ 4 5
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From the Carboniferous rocks the fauna afforded eighty-three species, 
twenty-four of which are new and interesting forms. One of the most 
striking features is the occurrence of twenty-eight species of lamelli- 
branchiate shells, a class that heretofore has been but sparingly repre­ 
sented in the collections of Carboniferous fossils from the Eocky Mount­ 
ains and the Great Basin.

During the preparation of Mr. Walcott's report he has written de­ 
scriptions of one hundred and twenty-three now species, and made notes, 
more or less full, upon one hundred and sixty species, which presented 
in their characters or geographical distribution information not hereto­ 
fore published.

It will be seen, therefore, that the report embraces a fauna from the 
Cambrian, Devonian, and Carboniferous. It will be illustrated by over 
three hundred accurate drawings of fossils, arranged on twelve plates. 
Four plates represent the fauna of the Cambrian, five that of the 
Devonian, and three that of the Carboniferous.

A second special monograph, to accompany the geological report, is 
by Mr. Joseph P. Iddings, upon the microscopic petrography of the 
crystalline rocks of the Eureka District. From every characteristic 
and important specimen o.f crystalline rock, whether from a geologi­ 
cal or mineralogical point of view, a thin section for microscopical ex­ 
amination has been prepared. An investigation of these sections has 
been of great value, not only as an aid in a proper classification of the 
rocks, but in determining their mutual relations, and in pointing out 
striking differences in their internal structure, which have a direct bear­ 
ing upon many geological questions connected with eruptive masses. 
In this branch of geological investigation Mr. Iddings has made a sys­ 
tematic study of all the thin sections in the collection, and from a 
mass of notes has prepared a condensed and concise statement of the 
results of his work.

His report is divided into two parts or chapters. The first treats of pre- 
Tertiary crystalline rocks, granite, granite-porphyry, and quartz por­ 
phyry; and the second treats of Tertiary crystalline rocks, augite-ande- 
site, hornblende andesite, andesitic pearlites, dacites, rhyolite, pumice, 
and basalt. This report will have several illustrations showing some in­ 
teresting features in the structure of fine ground mass in volcanic rock, 
and the micro-granitic structure observed in granite-porphyry. A num­ 
ber of curions products of decomposition will also be illustrated.

Accompanying my report is a geological map of Euby Hill, in the Eu­ 
reka mining district, which is prepared from one of the larger atlas sheets 
of which it forms a part. It is presented here for the purpose of show­ 
ing the principal physical features of the adjacent country, as well as 
the position of the different mines situated on Enby Hill, where all the 
more importan t mining interests center. By reference to the m ap it will 
be seen that the intersection of the 116th meridian west of Greenwich 
and the 39° 30' parallel of north latitude occurs in the valley just west
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of the Isandula shaft, the latitude line crossing Euby Hill about 200 
feet south of the shaft of the Eureka Consolidated Mine. Eureka is 
connected by the Eureka and Palisade Eailway, 88 miles in length, with 
the Central Pacific Eoad at Palisade. The railway station is situated 
just north of the town, in Eureka Canon, about a quarter of a mile below 
the Eureka Consolidated furnaces. Branch tracks connect with the Eu­ 
reka Consolidated and Eichmond furnaces, and these again by a some­ 
what sinuous course with the ore-dumps on Euby Hill. Eureka, a long 
narrow town, lies in the main northern drainage channel of a large area 
of country, as the inhabitants know only too well during the season of 
violent storms of summer. It has a mean altitude of 6,500 feet above 
sea-level, and-is the center of population and trade for this part of the 
State.

Euby Hill is situated a little to the south of west of Eureka. It stands 
out as a bold termination to the long ridge of Prospect Mountain; its 
prominence being largely due to its somewhat isolated position, erosion 
having worn out deep ravines on its southern slope, leaving it connected 
with the main ridge by a low saddle of quartzite. The highest point on 
the hill has an altitude of 7,291 feet above sea-level and about 500 feet 
above the neighboring valley. On Euby Hill are located the two prin­ 
cipal mining properties of the district, those of the Eureka Consolidated 
and Eichmond Companies, and to the west of the latter property, and 
about 200 feet lower down, is the Albion shaft. The Phoenix and the 
Jackson properties lie to the southeast of the Eureka Consolidated, but 
separated from Euby Hill by a narrow deep ravine.

It is not iny purpose within the limits of this letter to discuss the 
geological features of Euby Hill and the adjacent formations, reserv­ 
ing such, discussions for my final report, but I desire in a few paragraphs 
to explain its structure sufficiently to make the map intelligible and to 
point out the relations of the beds to the main body of Prospect Mount­ 
ain. As previously mentioned, Prospect Mountain is mainly a sedimen­ 
tary uplift of Cambrian rocks. Along the eastern slopes the beds dip 
to the eastward, and from the entrance of Secret Canon, where they 
rise above the volcanic rocks, they present, for more than six miles, a 
nearly uniform north and south strike. To the north, where the ridge 
begins to descend rapidly toward the valley, that is, just to the south of 
Euby Hill, the strata bend around to the westward with a broad swing­ 
ing curve, as is so often seen in the structure of many anticlinal ridges. 
Naturally in such cases, the lower rocks near the axis of the curve have 
undergone more crushing and faulting and lie in a disturbed and broken 
condition, causing a frequent change in strike and dip. This is the 
case with the Prospect Mountain quartzite; in general the structure is 
simple, but owing to minor faults and local disturbances, it becomes very 
complicated in detail.

Directly in the axis of the curve, and on the south side of the ravine 
which separates Euby Hill from Mineral Hill, occurs an obscure outcrop
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of granite. It is so insignificant and so covered with debris from the 
hill-slope that it is scarcely recognizable ; and, although the region has 
been examined thoroughly by seekers after ore, it has probably been 
observed by few persons. There are proljably very few ranges, or any 
considerable group of hills in Central Utah or Nevada, between the 
Wahsatch and the Sierra Nevada Eanges, that do not present a body of 
granite of greater or less extent. It crops out either at the base of the 
sedimentary series, is found in the low passes, or is associated with 
volcanic rocks. At Eureka, although the lower sedimentary beds are 
well exposed, this small outcrop of granite is, I believe, the only one in 
the district. All outcrops of granite-porphyry and quartz-porphyry at 
Eureka present abundant proof of their having broken through the 
surrounding sedimentary rocks, but in the case of the granite the evi­ 
dence is quite obscure. The overlying sedimentary beds wrap around 
the granite mass, and everywhere dip away from it. Although this 
exposure is quite limited, there is reason to suppose that it represents 
a much larger body, and has exerted a very considerable influence on 
the geological structure of adjacent rock-masses. The granite is best 
observed in coming up the ravine from the west, and is exposed just 
above the path where some miners have cut into it, attracted by the red 
color of the decomposed rock. It extends from the foot-path up to 
within fifty feet of the top of the hill. There are no good exposures of 
the rock, and it is so much decomposed, that fresh specimens are obtained 
with difficulty. It presents the true granitic habit. The essential 
minerals are quartz, feldspar, hornblende, and mica, the latter being 
very abundant. The quartz is grayish-white in color, in irregular 
pellucid grains.

The upper beds of Prospect Mountain quartzite, in their northern ex­ 
tension, form the southern side of Euby Hill. Its surface outline is an 
irregular one, and underground workings in the mines show an equally 
broken line. Conformably overlying this quartzite occurs a broad belt 
of limestone, which has been named Prospect Mountain limestone, as it 
forms the most prominent geological formation of the mountain. It 
everywhere forms the summit of Euby Hill and its northern slope. In 
its structural features and chemical composition it is quite identical 
with the main body of limestone, presenting the same crushed and 
broken character that is seen in so many places on the mountain. All 
the ore deposits of Euby Hill occur at this horizon, many of them lying 
close to the quartzite and never reaching the overlying shale, while 
others near the shale are far removed from the quartzite; but in no in­ 
stance is either the underlying or overlying formation penetrated by ore 
bodies. Both the Enreka Consolidated old shaft and their new shaft, 
which is now in process of construction, and will be ready for hoisting 
early in the spring of 1882, are located in the limestone, but the Eieh- 
mond and Albion shafts are in the overlying shale near the contact of 
the two formations. By means of old workings it is quite possible to 
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pass from the Jackson Mine through the Phomix, Eureka. Consolidated, 
K. K., Bichmoud, and on. to the Albion, reaching the surface through 
the latter shaft.

Overlying the Prospect Mountain limestone occurs the Secret Canon 
shale, the horizon being identical with the great argillaceous shale forma­ 
tion that occupies the bottom of Secret Canon.

The ravine between Ruby and Adams Hill has been worn out of this 
formation by erosion. Conformably overlying the Secret Canon shale 
comes the Hamburg limestone, which forms Adams Hill, extending 
northward as far as the Wide West ravine. It is the same limestone 
as the prominent ridge in which the Hamburg and Dunderberg mines 
are located. On Adams Hill are situated the Price & Davies, Wales, 
Silver Lick, Wide West, and Bowman mines. The limestone of Adams 
Hill has undergone less local disturbance than that of Euby Hill; the 
strata lie inclined at a much lower angle, and on the south side of the 
hill have curved around to a due cast and west course.

A second shale body occupies Wide West ravine, which erosion has 
worn out in a similar manner to the ravine lying south of Adams Hill. 
This shale body belongs to the horizon of the Hamburg shale, which may 
be seen east of the Hamburg Mine, but which is still better developed 
east of the Duuderberg Mine. North of the Wide West ravine comes in 
the Pogonip limestone, the upper limestone of the Cambrian system, 
which extends northward beyond.the limits of the small map.

In my report, in addition to the stratigraphical and lithological evi­ 
dences of the position of these beds and their relations to those of Pros­ 
pect Mountain, will be the evidence of paleontology, organic remains 
having been secured from Euby Hill, Adams Hill, and the overlying 
Pogonip limestone which correlate the formations with similar beds to 
the south. On Euby Hill an interesting discovery was made of fossils 
in a well-defined stratified limestone on the seventh level of the Eich- 
mond Mine, which without doubt identify the formation with that of the 
Prospect Mountain limestone. The reason it is so difficult to connect 
this northern series of beds with those upon the east side of Prospect 
Mountain, is that they cannot be traced continuously, owing to a north 
and south line of faulting which cuts off the Prospect Mountain lime­ 
stone, Secret Canon shale, Hamburg limestone, and Hamburg shale, and 
brings up the Pogonip limestone as a continuous body extending north­ 
ward beyond the limits of the map.

East of Adams Hill the Pogonip limestone dips to the eastward, and 
passes under Cariboo Hill, which is capped with Eureka quartzite, and 
the same structure is again seen on the east side of Goodwin Canon, 
where the limestone conformably underlies the quartzite of McCoy's 
ridge. Overlying the quartzite of McCoy's ridge occurs a narrow belt 
of grayish-black silicious limestone, referred to the Silurian period, in 
which the Seventy-six Mine is located. It is, I believe, the only mine 
in the district found at this horizon.
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In closing this letter I wish to express iny indebtedness to the trus­ 
tees of the American Museum of Natural History for the generous facili­ 
ties which they have afforded us, not only iu offering the use of their 
valuable library and collections, but in placing the most desirable and 
agreeable of working rooms at our disposal during the preparation of 
the report and maps.

Very respectfully, your obedient servant,
ARNOLD HAGUE,

Geologist-in-charge. 
Hon. J. W. POWELL,

Director United 'States Geological Survey, Washington, D. G.

REPORT OF MR. RAPHAEL PUMPELLY.

UNITED STATES GEOLOGICAL SURVEY, 
DIVISION OF MINING GEOLOGY, 

Newport, B. I., November 10, 1881.
SIR: I have the honor to forward the following report of the work 

under my charge.
The field covered by my division has been:
1st. The gathering of statistics of mines and mining east of the Mis­ 

souri Eiver.
2d. The tracing out, and the study of the extent, structure, and char­ 

acter of the copper-bearing rocks, bordering the northern and southern 
shores of Lake Superior.

In gathering for the census the statistics of mines and mining, I have 
attempted, in accordance with the desire of the Superintendent of Cen­ 
sus, to gather the statistical information in such a manner as to throw 
as many side lights as possible' upon the correlation of the different 
branches of the industry and of the industry itself (as a whole), with 
other industries and with society at large.

To do this required the framing of schedules adapted to the various 
branches of mining and metallurgy and containing a large number of 
of questions capable of being understood by the mining community, and 
to most of which the answers could be summed up to give totals for the 
whole country.

Although the questions asked varied according to the branch of the 
industry, the most important of those intended to foot with totals are 
contained in the following scheme :

QUESTIONS OF LOCALITY.
State. 
County. 
Number of mines.
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QUESTIONS RELATING TO PRODUCTION.

Maximum capacity of yearly product in commercial units of the sub­ 
stance mined.

Product during the census year in tons of the material hoisted.
Product during the census year in the commercial units of merchant­ 

able product.

QUESTIONS RELATING- TO MATERIALS AND POWER EXPENDED.

Value of product.
Value of materials, or supplies used.
Wages.
Men employed above ground.
Men employed below ground.
Boys employed above ground.
Boys employed below ground.
Total employes.
Miners.
Laborers.
Administrative force.
Number of horses, mules, and oxen.
Number of steam-engines, horse power and' steam engines.
Value of all machinery.
Value of explosives.
Cords of wood used for fuel.
Value of •wood.
Lineal feet of timber used.
Value of timber.
Board measure and sawed lumber used.
Value of lumber.

QUESTIONS RELATING TO CAPITAL.

Amount of working capital.
Value of plant.
Value of real estate.
Total capital.
In addition to the above questions, to which answers were required 

from all establishments, there were asked a large number of other 
questions, the answers to which, from a considerable number of 
establishments, would give the necessary data for estimating the totals 
for the whole industry.

It was decided, with the sanction of the Superintendent of Census 
and of the Director of the Geological Survey, to carry the investigation, 
in so far as it related to the production of iron ores for the census year, 
into an exhaustive study of the various iron ores of the United States, 
with a view to determining :

1st. Their classification.
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2d. The distribution, geographically and geologically, of the different 
varieties of iron ore.

3d. The manner of occurrence of the different varieties.
4th, The chemical character of the varieties.
This involved the visiting of a large proportion of the mines operated 

during the census year by experts, who studied the deposits and took 
commercial samples of the product. In doing this they were instructed 
to take strictly " average commercial samples " of the ore as ready for 
shipment, and in all cases where desirable to take average samples of 
the different varieties occurring in the mine in order to determine the 
influence of the separate varieties upon the chemical character of the 
whole product.

These samples weighing 10 to 15 pounds each, and consisting each of 
several thousand chips, were forwarded to the laboratory at this office, 
accompanied by hand specimens taken to illustrate each variety of ore 
contained in the sample, and by triplicate specimens illustrating the 
ore and its associated rocks.

Special pains has been taken in determining the amount of phos­ 
phorus throughont the whole series of iron ores.

The number of schedules filled oat at establishments of productive 
mining industries amounts to 10,440; of these many single schedules 
represent several establishments.

In the ceusns of 1870 only 2,254 establishments were canvassed 
•within the same field.

These statistics have all been tabulated, and bulletins of several, 
showing the results of various branches of the mining industry, have 
been forwarded to the Superintendent of Census, while others are iii 
course of preparation.

There remains now in this department to be finished only the gener­ 
alization and graphic representation of these returns.

I present, in the accompanying table, an abbreviated tabulation of 
the most essential results of the statistical inquiry into the mining 
industries.

The returns are given in separate columns for the eastern and western 
districts. Those.of the eastern district were collected by my Division, 
and are believed to be both complete and accurate.

Those from the western district (that is, west of the one hundredth 
meridian) were transferred to me from other divisions of the Survey, 
but are still incomplete.
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In the work of determining by chemical analysis the economic value 
of the iron ores of the United States, the collecting of average commer­ 
cial samples of the ores has been finished, and the following table will 
show the number of samples collected in each State.

Total number of samples received np to November 1,1881, 1,388.
Apportioned as follows:

Alabama ..................
British Columbia ..........
California ...... ...... .....
Colorado ..................
Connecticut ...............
Georgia ...................
Kentucky .................
Lake Superior .... ...... ...
Maine .....................
Maryland .................
Massachusetts .... ...... ...
Minnesota.... .............
Missouri ..................
Nevada .... .... ...... .... .
New Hampshire ...........
New Jersey. ..........
New Mexico .... ...........

....... 78

....... 1

....... 4

....... 31

....... 18

....... 61

....... 34

....... 139

....... 3

....... 55

....... 11

....... 8

....... 49

....... 1

....... 1

....... 109

....... 2

78
1
4

OT
18
61
34
39

3
55
11
8

49
1
1

09
2

Nc\v York

Ohio ...... ..... ...... .....

Utah..................... ..

Total ................

...... 159

...... 73

...... 93

...... 3
...... 133
...... 1
...... 154
...... 29
...... 10
...... 100
...... 1

10
...... 6
...... a

...... 1,388

Of these samples there have been analyzed the aggregate numbers set 
down opposite the names of the respective districts in the following 
table.

Analyses made up to November 1, 1881, 807.
Apportioned as follows:

New York .........................................................

•Virginia............................................................
Total............. ............................................

PartiaTs.

71
16

32
113

2
10
43

1
44
54

• 130
0

88
718

Complete.

1
28

5
5
3

............
1

89

Total.

70
16
45
33

141
3

10
48

1
40
€0
64

3

10
100

Professor Irving has finished his study of the copper rocks of Lake 
Superior, having followed them from theend of Keweenaw Point through 
Wisconsin, across the Mississippi, aud northeast along the north shore 
of Lake Superior into the British territory, to connect with the work of 
the Canadian geologists. The report, containing elaborate, instructive,
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and valuable results, is already in my hands, and will be forwarded to 
you in a few days.

I have the honor to be, sir, your obedient servant,
EAPHABL PUMPELLY,

Geologist in charge. 
Hon. J. W. POWELL,

Director United Mates Geological Survey,

REPORT OF MR. G. F. BECKER.

DIVISION OF MlNINO GEOLOGY, 
DISTRICT OF THE GREAT BASIN,

New Torlc, October 27, 1881.
SIR : At the date of the last annual report I had been engaged since 

the preceding April in investigating the geology of the Comstock lode, 
and at the same time in conducting the census examination of the min­ 
eral industry west of the Rocky Mountains. The detailed report of the 
latter work belongs elsewhere, and it is sufficient to state in this place 
that throughout the past year it has continued to occupy, and still oc­ 
cupies a portion of my time.

The field work on the Comstock was continued through the winter 
months, and was not completed until March, 1881, eleven months from 
its commencement. So extended an examination was rendered neces­ 
sary in part by the geological difficulties, but largely also by the fact 
that the district had previously been examined by a number of eminent 
geologists, with not altogether accordant results. In this, perhaps final 
examination, it was therefore needful to accumulate a vast amount of 
evidence of the most precise and detailed character as a means of decid­ 
ing disputed points. At the close of my field work on the Comstock, I 
was ordered to New York, and have since been engaged in working up 
the material collected and in preparing the observations made, for pub­ 
lication. The resulting paper is now nearly completed.

Mr. E. H. Stretch, whom I engaged to assist me in mapping the un­ 
derground geology of the Comstock, completed his contract about April 
first. Mr. Stretch's familiarity with the inaccessible upper portion of the 
lode, which he had mai>pedforthe Exploration of the Fortieth Parallel, 
made him an especially valuable assistant in the very complicated oper­ 
ation of bringing to bear the maximum amount of evidence on the struc­ 
ture of the sections chosen.

On May first, Mr. F. E. Eeade resigned his position as assistant geolo­ 
gist. The collections of the Washoe District owe much to his efforts, 
as well as the computation of the increase of temperature below the sur­ 
face at Virginia.

On July first, Dr. Carl Barns, a digest of whose work as physici&t on
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my staff will appear elsewhere, having completed, more thau satisfac 
torily, the investigations I required, was assigned the prosecution of in 
quiries not connected with my duties.

From the first of April Mr. J. S. Curtis, who during the previous year 
had served as census expert under my direction, was appointed geolo­ 
gist, and ordered to report to me. He was directed to undertake au 
examination of the mine geology of the Eureka District, which forms a 
necessary complement to Mr. Hague's examination of the general geol­ 
ogy of the region. The Eureka ore deposits are of a somewhat remark­ 
able character, consisting in masses of ore distributed in limestone. 
The nature of the connection existing between these bodies has formed 
the question at issue in several of the most important miuing lawsuits 
which have ever been tried in the United States. Several of the most 
noted geologists of the continent, and a large number of well-known 
mining experts have made public their views regarding the nature of 
these deposits, but neither geologists nor experts have been able to 
agree upon an opinion. Mr. Curtis will continue his examination un­ 
til he has accumulated as much evidence as is obtainable upon the 
following points:

1. The structural nature of the deposits; that is to say, whether they 
have any direct communication with one another, and are to be regarded 
as forming an irregular vein, or are entirely isolated, and share only a 
common origin, &c.

2. The peculiar physical and chemical conditions which have brought 
about the actual distribution of the ore-bodies.

3. The changes which the ore has undergone in place.
4. The probable origin of the ore, and the method of its deposition.
5. The dependence of these features upon the lithological character 

and the structural phenomena of the surrounding region.
A very large amount of laboratory work is a necessary concomitant 

of the study of the subjects mentioned; and as on the Oomstock, the 
disputed indications of the phenomena necessitate the accumulation of 
au unusual amount of evidence. Mr. Ourtis's examination is still in 
active progress. Its results will be ready for publication in about a 
year.

Very respectfully, your obedient servant,
GEO. F. BECKER,

Gcologist-in-clmrge. 
Hon. J. W; POWELL,

Director United States Geological Survey, Washington, D. G.
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REPORT OF DR. F. V. HAYDEN.

PHILADELPHIA, PA., November 19,1881.
SEE : I have the honor to submit herewith <i brief abstract of my opera­ 

tions under your direction for the past fiscal year. The work has been 
a continuation of that noticed briefly in the first annual report of the 
survey, on page 50, namely, a digest of the field notes and various reports 
which have been prepared by me or under my direction for several years 
past, embracing that portion of the Eocky Mountain region that lies 
north of New Mexico and west of the 94th meridian.

No field work lias been performed by me during the past year. My 
studies during that time have been mostly confined to the region drained 
by the Missouri Eiver and its tributaries. The early explorations, which 
really comprise its history, have been examined. The physical geo­ 
graphy as well as the geology of this vast region is full of interest, much 
of which remains to bo written. The country lying more immediately 
along the main Missouri and Ycllowstone Elvers was the scene of my 
early explorations, from 1S53 to 1860, when the region was mostly un­ 
known and almost inaccessible. Traveling was t hen necessarily slow 
across the broad area between the Missouri Eiver and the Eocky Mount­ 
ains, enabling the geologist to study with considerable detail the simple 
but interesting geological structure of what is usually termed the plain 
country. At the present time the railroads are so numerous that the 
tendency to pass rapidly over this great intermediate belt is universal, 
so that this vast area of nearly or quite horizontal strata receives very 
little study except from the window of a railroad car. In the plains of 
Kansas, Nebraska, Dakota, and Montana the geology is very simple and 
the work can be performed with great rapidity, as extended areas of the 
strata are horizontal or nearly so. Though much is known, there re­ 
mains still a good deal of work to be done before we can affirm that we 
have a critical knowledge of the geology. The period of pioneering has 
passed away, and at the present time the completion of our knowledge 
of the geological structure of the plains can bo greatly facilitated by 
using the thoroughfares as base lines, radiating from them in every 
direction.

During the past summer I have spent some time in digesting the 
history and results of the exploration of the Blaclc Hills of Dakota. TLe 
publication of the excellent monographic study of this mountain range 
by Messrs. Newton and Jenuey, under the auspices of the Director of 
the United States Geological Survey, has stimulated the interest anew. 
I have made a careful examination of the geological portion of the report 
prepared by Mr. Newton, and I am glad to bear testimony to its great 
value, conscientious accuracy, and fairmindedness throughout. The re-
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port is so exhaustive that it must form a datum point for the future 
study of the geology of the Northwest. Similar monographic studies 
of greater or less importance might be made of other isolated ranges 
east of the main Eocky Mountains, as the Big Horn, Bear's Paw, Little 
Eocky, Girdle Mountains, &c.

The writer visited a portion of the Black Hills in the winter of 1854; 
in 1856 he acted as geologist to the exploration of this region, conducted 
by General Warren, United States Engineers, and in 1859 he examined 
the northeastern portion as geologist to the expedition commanded by 
Colonel Eaynolds, United States Engineers. All these examinations 
were mere reconnaissances, and no time was permitted for those mature, 
detailed studies of which Mr. Newton's report is a type.

The problems connected with the Coal or Lignitic groups of the North­ 
west have been still further examined. The reports of the Canadian 
Geological Survey, and particularly those of Dr. Hector and Mr. G. M. 
Dawson, of the Northwest Boundary Survey, have been of the greatest 
aid. The great Lignitic group, as well as other formations known in the 
Upper Missouri region, are extended northward far into British America, 
so that the labors of the Canadian surveyors become of great import­ 
ance to the United States geologists. Although many geologists may 
affirm with much positiveness that the precise age of the Liguitic is fixed 
in the geological scale, the difference of opinion among certain eminent 
geologists in this country and in Europe and the conflicting evidence ot 
the organic remains shows that much remains to be doue before the 
problem can be regarded as clearly solved. The term Laramie group 
was established by the study of certain coal strata in eastern Colorado 
and along the line of the Union Pacific Eailroad in Wyoming Territory. 
These coal strata continue northward, without interruption, far past our 
northern boundary into British America. At the south the organic con­ 
tents indicate that nearly the entire group of strata is of brackish-water 
origin, while northward along the Ycllowstone and Missouri Rivers, the 
great thickness of coal or Lignitic beds are brackish at the base, but 
soon become purely fresh water. The plant remains are similar and in 
many cases of identical species. On the Missouri Eiver the coal beds 
were designated many years ago as the Fort Union group. So far as 
we now know, there is no distinct line of demarcation between the Fort 
Union and Laramie groups. Are they identical in part or entirely? 
With the data before me, I am unable to determine this question. I 
would respectfully suggest that a critical examination of a belt of country 
from a point on the Union Pacific Eailroad where the Laramie group is 
well shown, fifty to one hundred miles in width, northward, passing up 
between the Black Hills of Dakota and the Big Horn range to the north­ 
ern boundary of the United States, would furnish a vast mass of material 
toward the settlement of this question. A continuous section should be 
made and the organic remains of each layer, however tliiii or apparently 
unimportant, should be preserved and kept separate. So far as we know
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at this time, there is no well-defined break in the continuity of the strata 
in the plains from the base of the Cretaceous to the summit of the latest 
Tertiary, and yet, along the borders of the mountain ranges someuncon- 
formability has been observed. In the examination of the belt of coun­ 
try suggested, the eastern base of the Big Horn range and the western 
side of the Black Hills would show the entire series of sedimentary 
strata known in the Northwest.

The material relating to the Yellowstone Park now under my con­ 
trol has been put in shape for publication. Should the survey under 
your charge be hereafter extended into this interesting region, the re­ 
ports, maps, charts, &c., must be important.

A geological map on a scale of 12 miles to one inch, covering the 
entire area examined by me, or under my direction, from 1853 to the 
close of the season of 1878, is nearly completed. This map can be im­ 
proved from year to year as additional material is collected, and thus 
made useful in connection with the more extended enterprises of the 
survey.

In presenting this brief report, I beg permission to thank you cor­ 
dially for much courtesy and personal kindness. 

Very respectfully, your obedient servant,
F. V. HAYDEN.

Hon. J. W. POWELL,
Director} United States Geological Surcey.

REPORT OF MR. CLARENCE KING.

YOBK, November 1, 1881.
SIR: I have the honor to submit the following brief statement of the 

executive direction for the fiscal year ending June 30, 1881, of an inves­ 
tigation concerning the production of the precious metals in the United 
States for the census year ending May 31, 1880, and incidentally for the 
fiscal year ending June 30, 1880.

As no investigation of the production of the precious metals for a 
given period could be intelligently undertaken until the close of that 
period, active operations were not commenced until the end of the 
above-mentioned census year.

On the 1st of June, 1880, 1 effected an organization, employed a corps 
of special experts, and dispatched them to the field, charging them with 
the duty of personally visiting all the important precious-metal dis­ 
tricts of the United States, and with the investigation of the total 
output of gold and silver.

For purposes of convenience and easy executive control, the whole 
country was divided into the following three general divisions :

(1.) Division of the Pacific, consisting of California, Washington,
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Oregon, Idaho, (Jtah, Nevada, and Arizona, under the immediate 
charge of George F. Becker, geologist, United States Geological Survey, 
whose headquarters were at San Francisco, Gal.

(2.) Division of the Eocky Mountains, consisting of Montana, Dakota, 
Wyoming, Colorado, and New Mexico, under S. F. Emmous, geologist, 
United States Geological Survey, having headquarters at Denver, Colo.

(3.) Eastern Division comprising all the States and Territories east of 
the Eocky Mountains, under the charge of Eaphael Pumpelly, geologist, 
United States Geological Survey, with headquarters at Newport, B. I.

Each of these three Chiefs of Division were directed to employ the 
necessary special experts, who upon my nomination were duly appointed 
by the Hon. Francis A. Walker, Superintendent of Censns.

The members of the staff and their territorial assignment were as 
follows:

PACIFIC DIVISION.

Mr. J. M. Cunningham, for the eastern portions of Washington and 
Oregon and the northeastern part of California;

Mr. J. S. Curtis: Nevada, south of the line of the Central Pacific 
Eailway;

Mr. J. H. Hammond: Central and eastern counties of California.
Mr. D. B. Huntly: Utah, Southwestern Nevada, and portions of Cal­ 

ifornia ;
Mr. H. W. Leavens: The tract lying west of the Cascade and Coast 

ranges in Washington, Oregon, and Northern California;
Mr. Walter Nordhoff: Sonthwestern and Middle Arizona;
Mr. W. H. Sander: Western Arizona;
Mr. Luther Wagoner: Southern California;
Mr. Albert Williams, jr.: Idaho, Nevada, north of the Central Pacific 

Eailway, and the Comstock Lode.

DIVISION OF THE EOCKY MOUNTAINS.

Mr. W. B. Fisher: Portions of Lake, Chaffee, Clear Creek, and Gilpin 
Counties, in Colorado, and Beaverhead. County, in Montana;

Mr. William Foster: Montana and Wyoming;
Mr. J. E. Hardman: The smelting works in Lake County, Park and 

Summit Counties, and portions of Clear Creek and Gilpin Counties, in 
Colorado;

Mr. Charles Potter: Mew Mexico;
Mr. E. H. Schaeffle: Dakota and portions of Colorado;
Mr. W. G. Sharp: San Juan, Hinsdale, Gunnison, La Plata, Hner- 

fano, Ouray, and Eio Grande Counties, in Colorado, and portions of 
New Mexico.

In addition to the census experts, the following-named gentlemen 
acted as temporary assistants: Messrs. Herman Garlichs, J. C. Hines, 
H. B. Price, H. L. Simmons, and W. H. Whittlesey, in Colorado, and 
W. F. Wheeler, in Montana.
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EASTERN DIVISION.

Mr. George H. Eldridge: Southern States and reduction works east 
of the Missouri Eiver;

Prof. N. S. Staler, with the assistance of Messrs. Joseph M. Wilson 
and J. B. Wolff: New England States.

The above organization was completed and in the field by June 30, 
1880, and continued the active prosecution of field work to the close of 
the fiscal year, at which time the field investigation was, as far as prac­ 
ticable, completed.

The assistants rendered their detailed reports to the three Chiefs of 
Division, and were then all discharged with the exception of three 
experts who were retained for the office work in the compilation and 
tabulation of the statistical results.

The field investigations were conducted upon a series of elaborate 
schedules, embracing not merely the questions of total output of ores 
and total yield of gold and silver bullion, but comprehending as well a 
close analysis of all the methods of production, mechanical and metal­ 
lurgical, together with a detailed study of the character and cost of the 
labor, power, and material consumed in the industry.

The returns from the field investigation comprise reports from 1,967 
deep mines, 325 placer mines, 327 amalgamating mills, concentration 
works, chlorination and leaching establishments, 86 smelting works, and 
25 arrastras, making in all 2,730 detailed reports.

The close of the fiscal year, June 30,1881, marked the close of the 
field investigation and the beginning of the office compilation and tab­ 
ulation.

Very respectfully, your obedient servant,
CLARENCE KING.

Hon. J. W. PCTWELL,
Director United States Geological Survey.
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THE PHYSICAL GEOLOGY OF THE GRAND CANON
DISTRICT.

BY CLARENCE E. BUTTON.

CHAPTER I.

THE PLATEAU PROVINCE.

The investigations made by this division of the Geological Survey 
during the last two years have been pursned with the object of increas­ 
ing our knowledge of the physical and historical geology of the West 
and have had little relation to economic interests. The field of labor is 
one of the most impressive and instructive in the world—impressive by 
reason of the magnificent scale on which certain processes of nature 
have operated, and instructive because the causes, methods, and results 
of those processes are revealed with a distinctness which is unparalleled. 
This field comprises the Grand and Marble Canons of the Colorado and 
the regions which drain into them. To the entire tract, comprising an 
area of more than 13,000 square miles, I have given the name of the 
GRAND CANON DISTRICT.

The lessons which the geologist finds in this district are many, but the 
most conspicuous one emb'races those subjects which are included under 
the nearly synonymous names "LAND SCULPTURE," "DENUDATION," 
"EROSION." These processes operate upon the land unceasingly, carv- 
iug out mountains and valleys and giving shape and character to the 
earth's surface. They represent the work done upon the land by the 
winds and rains, by flowing water, by the chemical reactions of the at­ 
mosphere and of organic life. These processes are operative almost 
everywhere, and their results in the lapse of immense periods of time 
attain magnitudes, the statement of which may astonish the ordinary 
reader and perhaps excite his incredulity, but which at length appear 
veritable when tested by geological research and deduction. In no 
other portion of the world are the natural laws governing the processes 
of land sculpture exemplified so grandly; nowhere else are their results 
set forth so clearly. The interest excited by the grandeur of the sub­ 
jects is intensified, and the value of the lessons enhanced, by the ex­ 
ceptionally intelligible manner in which their materials are presented 
for study.

4 G A 40
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For convenience of geological discussion Professor Powell has divided 
that belt of country which lies between the meridian of Denver, Colo., 
and the Pacific and between the 34th and 43d parallels into provinces, 
each of which possesses topographical features which distinguish it from 
the others. The easternmost he has named the Park Province. It is 
situated in the central and western parts of Colorado and extends north 
of that state into Wyoming and south of it into New Mexico. It is pre­ 
eminently a mountain region, having several long ranges of the second 
order of magnitude. The structure and forms of these mountains are 
not exactly similar to those of any other region now well known,'but 
possess some resemblance to the Alps, though not a very close one.

As we pass westward of these ranges in Colorado we enter, near 
the western boundary of that state, a region having a very different to­ 
pography. The mountains disappear almost wholly, and in their stead 
we find platforms and terraces nearly or quite horizontal on their sum­ 
mits or floors and abruptly terminated by long lines of cliffs. They lie 
at greatly varying altitudes, some as high as 11,000 feet above the sea, 
others no higher than 5,000, and with still others occupying intermediate 
levels. Seldom does the surface of the land rise into conical peaks or 
into long narrow crested ridges; but the profiles are long, horizontal lines 
suddenly dropping down many hundreds or even two thousand feet 
upon another flat plain below. This region has been very appropriately 
named, by Powell, the Plateau Province. It occupies a narrow strip in 
the extreme western part of Colorado, a similar strip of western New 
Mexico, a large part of southern Wyoming, and rather more than half 
of Utah and Arizona.

West of the Plateau Province is the Great Basin, so named by Fre- 
mont because it has no drainage to the ocean. Its topography is wholly 
peculiar and bears no resemblance to either of. the two just alluded to. 
It contains a large number of ranges, all of which are very narrow and 
short, and separated from each other by wide intervals of smooth, bar­ 
ren plains. The mountains are of a low order of magnitude for the 
most part, though some of the ranges and peaks attain considerable 
dimensions. Their appearance is strikingly different from the noble 
and picturesque outlines displayed in Colorado. They are jagged, wild, 
and ungraceful in their aspect, and, whether viewed from far or near, 
repel rather than invite the imagination.

The Wasatch, however, is an exception. This noble range is properly 
a part of the Basin Province, and is one of the finest and most pictur­ 
esque of the West, but so completely does it contrast with the other 
Basin ranges that it may be regarded as an anomaly among them. The 
topographical features of this region are also found outside of the lim­ 
its which Frdmont assigned to the Great Basin, and reach southward 
into Arizona and northward into Idaho and Oregon. The Basin proper 
covers the western part of Utah, nearly the whole of Nevada, and a 
small portion of southern Oregon and Idaho. Its western boundary is 
the base of the Sierra Nevada.
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No attempt will be made here to characterize the Sierra Nevada, partly 
because it is not thoroughly understood, but especially because it is re­ 
mote from the region here to be discussed, and presents few considera­ 
tions essential to that discussion. The Grand Canon District is a part 
of the Plateau Province, and to this province as a whole we may now de­ 
vote our attention.

As already indicated, it lies between the Park and Basin Provinces, and 
its topography differs in the extreme from those found on either side of it. 
It is the land of tables and terraces, of buttes and mesas, of cliffs and 
canons. Standing upon any elevated spot where the radius of vision 
reaches out fifty or a hundred miles, the observer beholds a strange spec­ 
tacle. The most conspicuous objects are the lofty and brilliantly colored

PIG. 2.—Bntte of the Cross. Trias.

cliffs. They stretch their tortuous courses across the land in all directions, 
yet not without system; here throwing out a great promontory, there 
receding in a deep bay, and continuing on and on until they sink below 
the horizon or swing behind some loftier mass or fade out in the distant 
haze. Each cliff marks the boundary of a geographical terrace and 
marks also the termination of some geological series of strata, the edges 
of which are exposed like courses of masonry in the scarp-walls of the 
palisades. In the distance may be seen the spectacle of cliff rising 
above and beyond cliff, like a colossal stairway leading from the torrid 
plains below to the domain of the clouds above. Very wonderful at 
times is the sculpture of these majestic walls. There is an architectural 
style about it which must be seen to be appreciated. The resemblances 
to architecture are not fanciful or metaphorical, but are real and vivid; 
so much so that the unaccustomed tourist often feels a vague skepticism 
whether these are truly the works of the blind forces of nature or 
of some intelligence akin to the human, but far mightier; and even
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FIG. 3.—A lateral canon. Eecalante.

the experienced explorer is sometimes brought to a sudden halt and 
filled with amazement by the apparition of forms as definite and elo­ 
quent as those of art. Each geological formation exhibits in its cliffs a 
distinct style of architecture which is not reproduced among the clifis 
of other formations, and these several styles differ as much as those which 
are cultivated by different races of men.

The character which appeals most strongly to the eye is the coloring. 
The gentle tints of an eastern landscape, the pale blue of distant mount­ 
ains, the green of vernal or summer vegetation, the subdued colors of 
hillside and meadow, are wholly wanting here, and in their place we 
behold belts of brilliant red, yellow, aud white, which are intensified 
rather than alleviated by alternating belts of gray. Like the architect-
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ure, the colors are characteristic of the geological formations, each series 
having its own group and range of colors. They culminate in intensity 
in the Permian and Lower Trias, where dark, brownish reds alternate 
with bands of chocolate, purple, and lavender, so deep, rich, and re­ 
splendent that a painter would need to be a bold man to venture to 
portray them as they are.

The Plateau country is also the laud of canons, in the strictest mean­ 
ing of that term. Gorges, ravines, canadas are found and are more or 
less impressive in every high region; and in the vernacular of the West 
all such features are termed cauons, indiscriminately. But those long, 
narrow, profound trenches in the rocks, with inaccessible walls, to which 
the early Spaniards gave the name of cajon or canon, are seldom found 
outside the plateaus. There they are innumerable and the almost 
universal form of drainage channels. Large areas of the Plateau coun­ 
try are so minutely dissected by them that they are almost inaccessible, 
and some limited though considerable tracts seem wholly so. Almost 
everywhere the drainage channels are cut from 500 to 3,000 feet below 
the general platform, of the immediate country. They are abundantly 
ramified and every branch is a cafion. The explorer upon the mesas 
above must take heed to his course in such a place, for once caught in 
the labyrinth of interlacing side gorges, he must possess rare craft and 
self-control to extricate himself. All these drainage channels lead down 
to one great trunk channel cleft through the heart of the Plateau Prov­ 
ince for eight hundred miles—the chasm of the Colorado, and the can­ 
ons of its principal fork, the Green River. By far the greater part of 
these tributaries are dry during most of the year, and carry water only 
at the melting of the snow and during the brief periods of autumnal 
and vernal rains. A very few hold small, perennial streams, coming 
from the highlands around the borders of the province, and swelling to 
mad torrents in times of spasmodic floods.

The region is for the most part a desert of the barrenest kind. At 
levels below 7,000 feet the heat is intense and the air is dry in the 
extreme. The vegetation is very scanty, and even the ubiquitous sage 
(Artemisia tridentata) is sparse and stunted. Here and there the cedar 
(Juniperus occidenlalis)* is seen, the hardiest of arborescent plants, but 
it is dwarfed and sickly and seeks the shadiest nooks. At higher levels 
the vegetation becomes more abundant and varied. Above 8,000 feet 
the plateaus are forest-clad and the ground is carpeted with rank grass 
and an exuberant growth of beautiful summer flowers. The summers 
there are cool and moist; the winters severe and attended with heavy 
snow-fall.

* Botanists inform me that the predominant upland juniper of the Plateau Province, 
as the species are now distributed according to Dr. Engolmann'a revision published in 
1877, would be Juniperus Californica, var. Utahensis, rather than </. occidentatis, some of 
tho varieties of which may, however, occur there. Uutil that revision was made the 
western junipers were little known, and several distinct species were indiscriminately 
classed as Ji occidentalism
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FIG. 4.—The Water Pocket Canon.

The Plateau Province is naturally divided into two portions, a northern 
and a southern. The dividing barrier is the TJinta range. This fine 
mountain platform is, in one respect, an anomaly among the western 
ranges. It is the only important one which trends east and west. Start­ 
ing from the eastern flank of the Wasatch, the Uintas project eastward 
more than 150 miles, and nearly join perpendicularly the Park ranges 
of Colorado. Of the two portions into which the Plateau Province is 
thus divided, the southern is much the larger. Both have in common 
the plateau features; their topographies, climates, and physical features 
in general, are of similar types, and their geological features and history 
appear to be closely related. But each has also its peculiarities. The 
northern portion is an interesting and already celebrated field for the
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study of the Cretaceous strata and the Tertiary lacustrine beds. The 
subjects which it presents to"the geologist are most notably those which 
are embraced under the department of stratigraphy—the study of the 
succession of strata and co-related succession of organic life. Other­ 
wise the region is tame, monotonous, and unattractive. The southern 
portion, while presenting an abundance of material for stratigraphical 
study, and in this respect fully rivaling, and perhaps surpassing, the 
northern portion, also abounds in the grandest and most fascinating 
themes for the student of physical geology. In respect to scenery, the 
northern portion is almost trivial, while the southern is thesublimest on 
the continent. With the former we shall have little to do; it is the lat­ 
ter which claims here our exclusive attention.

The southern part of the Plateau Province may be regarded as a vast 
basin everywhere bounded by highlands, except at the southwest, where 
it opens wide and passes suddenly into a region having all the charac­ 
teristics of the Great Basin of Nevada. The northern half of its eastern 
rim consists of the Park ranges of Colorado. Its northern rim lies upon 
the slopes of the Uintas. At the point where the Uiutas join the 
Wasatch, the boundary turns sharply to the south, and for 200 miles the 
High Plateaus of Utah constitute the elevated western margin of the 
Province.

It is from the summits of the High Plateaus that we gain our first 
comprehensive view of those grand facts which are the principal sub­ 
jects of this discourse. But let me first ask the reader to endeavor to 
frame some conception, however crude, of three lines, each 200 miles 
long, placed in the positions of three sides of a square; the fourth side 
being for the moment neglected. Upon the eastern side conceive the 
Park ranges of Colorado; upon the northern, the Uintas; and upou the 
western side the southern portion of the Wasatch and the High Plateaus 
of Utah; and all these highlands having altitudes ranging from 9,000 to 
12,000 feet above the sea, while the included area varies from 5,000 to 
7,000 feet high. The space thus partially bounded may represent the 
northern part of the southern Plateau Province. Along the line re­ 
quired for the fourth and south side of the complete square there is no 
boundary. The topography continues on beyond it to the southward, 
and also widens out both west and east and overspreads an additional 
area more than twice as great as that already defined. From the east­ 
ern crests of the High Plateaus we may obtain an instructive overlook 
of the northern portion of the southern Plateau country.

The easiest line of approach is from Salt Lake City. Proceeding south 
from that town along the western base of the Wasatch, we reach the 
southern end of that fine range about 90 miles from Salt Lake. The 
last mountain pile is Mount Nebo, and skirting around its southern flank 
we soon perceive to the southeastward along and very lofty ridge 20 to 
30 miles distant. This is the Wasatch Plateau, the northernmost mem­ 
ber of the group of; Digh Plateaus. It has nothing in common with the
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Wasatch Mountain range, being wholly disconnected from it and stand­ 
ing with a wide interval en echelon to the southeastward of it. The Wa­ 
satch Plateau presents a long, straight, horizontal summit projected 
against the sky without peaks or domes, resembling somewhat the ridges 
of Pennsylvania and Virginia, but on a grander scale. We perceive 
along its entire western front a rapid slope, descending to the bottom of 
the San Pete Valley at its foot. It is not deeply incised with ravines 
and amphitheaters, nor notched with profound transverse gorges, as are 
ordinary mountain ranges, but shows a slightly diversified slope in every 
part. As we draw nearer we begin to see the attitudes of the strata 
composing its-mass, or, as the geologists say, its u structure." The strata 
are inclined at the same angle as the slope of its flank. In the valley 
below, the beds are horizontal; as they approach the base of the plateau 
they flex upwards and ascend the slope; as they reach the summit they 
flex back to horizontality. If we ascend the plateau and ride eastward 
a very few miles, there suddenly breaks upon the view a vast and im­ 
pressive panorama. From an altitude of more than 11,000 feet the eye 
can sweep a semicircle with a radius of more than 70 miles, and reach far 
out into the heart of the Plateau country. We stand upon strata of Lower 
Tertiary age, and beneath onr feet is a precipice leaping down across the 
leveledges ofthe beds upon a terrace 1,200 feet below. The cliff on which 
we stand stretches far northward into the hazy distance, gradually swing­ 
ing eastward and then southward through acourse of more than a hundred 
miles, and vanishing below the horizon. It describes, as we well know, 
a rude semicircle, around a center about 40 miles east of our standpoint. 
At the foot of this cliff is a terrace of greatly varying width, rarely less 
than 5 miles, consisting of Upper Cretaceous beds nearly but not quite 
horizontal. They incline upwards towards the east at angles rarely so 
great as 3°, and are soon cut off by a second cliff plunging down 1,800 
feet upon Middle Cretaceous beds. This second cliff describes a semi­ 
circle like the first, but smaller and concentric with it. Prom its foot 
the strata still rise gently towards the east, through a distance of about 
3 0 miles, and are cut off as before by a third series of cliffs concentric with 
the first and second. For the fourth and fifth time this process is re­ 
peated. In the center of these girdling walls is an elliptical area about 
40 miles long and 12 to 20 miles broad, completely surrounded by mural 
escarpments more than a thousand feet high. This central spot is 
called the SAN BAFAEL SWELL, and it is full of interest and suggestion 
to the geologist. From its central point the strata dip away in all 
directions, the inclinations, however, being always very small.* This 
configuration of the strata (dipping away from a central point in all 
directions) is technically termed " quaquaversal."

The accompanying diagram (Plate XI) shows the relative masses and 
positions of the strata as they would appear in vertical sections cutting

"Upon the eastern margin of the swell is one of those great "monoclinal flexures" 
with a high inclination so characteristic of the Plateau Country. These will he ad« 
rertetl to hereafter.
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east and west through the Wasatch Plateau to the San Eafael Swell. It 
will be observed that the lower Tertiary is found only on the summit and 
western flank of the plateau. The Cretaceous extends further out, but 
is at last cut off in turn; and as lower and lower beds are exposed to day­ 
light, they too are similarly cut off until the summit of the Carboniferous 
is nearly or quite exposed within the swell itself. The approximate length 
of the section here given is about 55 miles, and the thickness of the strata 
from the summit of the Carboniferous to the top of the Lower Tertiary is 
nearly 11,000 feet.

The geologist who becomes aware through observation of the general 
facts thus set forth quickly reaches the following conclusion: The beds 
which are successively terminated in the terrace cliffs once reached fur­ 
ther eastward, and in all probability every one of them extended in full 
volume and without a break entirely over the locus of the swell to 
regions far beyond it. Upon the eastern side of the swell, and at vary­ 
ing distances from it, the missing strata reappear in inverse order, 
with terminal cliffs facing the westward. From the intervening space 
they have been swept away by erosion.

In restricted localities of a few square miles, in a river valley, in the 
open glades of a hill-country, the most unscientific observer may be easily 
convinced that the waste of thousands of years has broken the continuity 
of the strata and quarried away large masses of rock. But in the wide 
expanse before us even the mind of the geologist may falter before 
accepting a conclusion so portentous. The magnitude of the work is 
oppressive, and cautious philosophers are reluctant to take up and carry 
the burden of unusually large figures. They prefer to cast about in order 
to see whether some easier conclusion may not be discovered. The one 
already stated is to the effect that a body of strata more than 10,000 feet 
thick and more than 500 square miles in area have been swept off from 
the surface of the swell; that nearly 9,000 feet have been removed from a 
much larger annular space around it; 7,000 feet from a still larger and 
remoter space; and so on with expanding animli, from which succes­ 
sively decreasing amounts have been denuded. It is needless to define 
iust here the limits of the dennded region, even if it were possible. It 
is sufficient to say that its extent is much more than 10,000 square miles, 
and that the thickness of the strata removed varies from a few hundreds 
to more than 10,000 feet. Kor does the conclusion stop here. The San 
Rafael region is only one of a considerable number of the subdivisions of 
the Plateau Province where the same enormous extent of erosion has 
taken place. It is not the largest of those subdivisions, nor is the thick­ 
ness of the removed strata the greatest there. • It is merely an example, 
and whatsoever it reveals in regard to erosion is but a group of events 
common to the entire southern province with its vast area of nearly 
100,000 square miles. I have selected it for discussion because its array 
of facts in evidence is more easily handled and can be more lucidly pre­ 
sented than those of the other subdivisions. Let us, then, examine in
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detail the arguments upon which this deduction of a great denudation 
is based.

If we stand before one of the great marginal cliffs which bound the 
several terraces, we shall speedily detect abundant evidence that time 
and the elements are slowly robbing its face of the materials which com­ 
pose its mass. Fragments have spawled off and fallen, and they now 
lie at its base in great quantities, forming atalus. Cliff and talus alike are 
seamed and scored with rain-gullies, and if we are fortunate enough to 
observe the effects of a shower we shall see the waters trickling, spout­ 
ing, or rushing down through every seam and gully, carrying sand, mud, 
and small fragments with which they are charged to their utmost capacity. 
The meaning of this is that the cliff is wasting away, and its locus 
through the ages is farther and farther back. This backward movement 
of the line of frontage by slow waste is very happily named by Powell 
the Secession of Cliffs.

It may seem at first as if the rate of recession must be so exceedingly 
slow that when we are asked to consider the possibility of a recession of 
thirty or forty miles the argument would break down under the weight 
of its time-factor. Bnt it will be shown hereafter that in the total pro­ 
cess of denudation the rate of recession is rapid enough to satisfy the 
temper of such geologists as may be parsimonious or even very stingy 
in their allowances of time. It is sufficient here to advert to tine very 
obvious fact that the cliffs are receding, and that at some former geo­ 
logical period they once stood nearer the center of the denuded district. 
Now, it is sufficiently obvious that if we allow the imagination to range 
back indefinitely into the past and reverse the process of recession, re­ 
storing the material which has been denuded, the continuity of argument 
will at length bring us to an epoch in which the cliffs which now face the 
center of the San Eafael Swell came together, and the strata which those 
cliffs now terminate stretched unbroken from west to east across the 
whole width of the Plateau Province. It is only a question of time and 
continuity of the process. The geologist may, however, raise a very 
pertinent inquiry. Admitting that the cliff-bound strata once reached 
out in advance of their present limits, may they not have grown thinner 
as they approached the center; may they not have attenuated .rapidly 
so that their former thickness over the swell was but a small fraction of 
the aggregate thickness disclosed in the present escarpments? May not 
the higher beds have thinned out and disappeared entirely a few miles 
from their present boundaries 1 In all other well-studied regions it is a 
general and almost universal rule that the strata vary greatly in thick­ 
ness when traced from place to place, and attenuate as they extend away 
from their shore-lines. May they not have done so herel

Answering the questions directly, it maybe said that the Penr.ian, 
Trias, and Cretaceous certainly did not grow perceptibly thinner as they 
approached the center of denudation. The Jurassic did thin out quite 
notably from west to east, and it is possible that the Tertiary may have
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thinned a little; but this loss of thickness in the Jurassic and Tertiary 
has been abundantly discounted in the estimate given of the mass of, 
strata denuded. As regards the general rule that strata vary greatly 
in thickness, it may be stated that the Plateau country is a remarkable 
exception to it. One of the most striking features in its stratigraphy is 
the wonderful persistency with which its formations maintain their vol­ 
umes and lithological features over great areas. In this respect the 
province has no parallel, not even in the calm and undisturbed terrains 
of the Mississippi Valley.

Further support of this conclusion may be found by reverting to the 
section (Plate XI). On the eastern side of the swell the section shows 
a great monoclinal flexure where the strata extending east-ward rapidly 
bend downwardand subsequently flex back to horizontality. Before this 
flexure began to form, the Cretaceous strata had already been deposited. 
Possibly, also, the Tertiary had been laid down, but of this we are not 
as yet certain. But we know that it was formed after the Cretaceous 
age, for the strata abundantly betray it. If we could bend back the 

; strata now inclined upward in that flexure, we should have a wall about 
8,000 feet high or more, looking down from the east upon the central 
amphitheater, and in that wall would appear the broken edges of the 
Permian and Mesozoic beds, though the upper part of the Cretaceous 
and Tertiary would be wanting at the summit. Thus nearly four-fifths 
of the denuded strata appear upon the eastern side of the swell, in very 
close proximity to it, and the remainder make their appearance at vary­ 
ing distances beyond. There is no appreciable loss of volume in the 
exposed beds of the monocline as compared with the corresponding beds 
to the westward.

But we may with advantage pursue the task of restoring the beds to 
the position they held during the period of their deposition by straight­ 
ening out or bending back the strata in those parts where they have 
been tilted and flexed since their accumulation. This is readily done 
here. They were deposited originally in layers which were quite hori­ 
zontal. We know this by reasoning upon the following facts. From 
the summit of the Permian, and I think we may say quite confidently 
from the summit of the Carboniferous upwards, the whole series was 
deposited in very shallow waters. The evidence of this is overwhelm­ 
ing. We find proof that the surfaces of deposition throughout Mesosoic 
time oscillated repeatedly a little below and a little above sea-level. 
The cross-bedded sandstones of the Trias and Jura, the sandy shales 
wonderfully ripple-marked,the occurrence of bands containing the silic- 
icifled remains of forest trees, the occasional recurrence of contacts 
showing "unconformity by erosion" without any unconformity of dip,* 
the occurrence of brackish-water types of mollusca in the Jurassic, the

* There are throughout the series numerous instances of beds resting upon surfaces 
slightly eroded and channeled by streams without any discrepancy of dip in the 
apposed beds.



60 GRAND CANON DISTRICT.

lignites, fossil leaves, and carbonaceous shales of tlie whole Cretaceous 
system, the brackish-water fossils of the lowest Tertiary, leave no doubt 
as to the verity of the foregoing inference. The final restoration, then, 
of the strata to their original positions leaves them horizontal.*

If we draw a section of the strata restored to horizontality, we shall 
find that the strata now remaining require, in order to perfect their con­ 
tinuity, the restitution of large masses fully equal to those which we have 
inferred to have been swept away by erosion. Any hesitation to do 
this would leave us without resource. Any other hypothesis, so far as 
I can conceive, would be not only without support in the facts pre­ 
sented, bnt in opposition to their entire tenor and purport.

The geologist who is familiar through long field-study with the phys­ 
ical problems presented in the West would not need further argument 
to become satisfied of the reality of the great erosion here inferred. 
Perhaps he would consider that too much has been said in support of 
it already; especially since the subject of this paper is not the San 
Kafael but the Grand Gallon district. But I have devoted so much dis­ 
cussion to the San Eafael district because it is a type of a congeries of 
districts which make up the Plateau Province, and because it exemplifies 
iu the most intelligible, compact, and complete manner the broad facts 
and laws which are to engage our attention hereafter. These facts and 
laws, apply to the Grand Canon district; but to take the facts there 
presented and arrange them in a clear view before the mind of one who 
has never visited that region, and make them definite and convincing, 
would be extremely difficult without preparatory exercises on problems 
similar in kind but simpler in form. For this reason I propose, before 
leaving the San Eafael district, to bring out another category of facts 
which it exemplifies. They involve a generalization very interesting in 
itself, aud of the greatest utility in solving many problems presented in 
all parts of the Plateau country. This generalization—or law in the 
sense of an observed order of facts—may be called the Persistence oj 
Rivers.

The rivers of the Atlantic States, from the Hudson southward, cut 
through the Appalachian ridges by narrow gorges, or gaps, which seem 
to have beeii quarried out for the purpoes. Geology, however, does not

* It would bo very instructive, if space permitted, to elaborate this discussion of the 
original horizontality, and I am tempted to point out in the hastiest manner some 
obvious consequences of the deduction. It appears that if this deduction be true 
the deposits must have settled or subsided as rapidly (in the long run) as they were 
accumulated. The surface of deposition appears never to have varied mnch from sea- 
level. But the total accumulation of Permian, Mesozoic, and Tertiary beds was nearly 
11,000 feet, and when the deposition ended (supposing that it ended in the Middle 
Eocene, though I think it more probably continued here until the close of the Eocene) 
the Permian must have sunken more than two miles belqw sea-level. The gradual sub­ 
sidence of large bodies of sediment as they accumulate in strata is a fact now generally 
recognized, and is of universal application. That it is caused by the gross weight of 
the enormous masses of deposited material sinking into the yielding earth seems a 
most natural explanation,
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take account of "purposes" or "design," but seeks its explanations in 
" natural" causes alone. It asks by what natural processes were those 
gorges made?

The answer it finds is, that tlie rivers themselves scoured them out, 
and that secular decay has widened them somewhat. A reader not 
versed in geology might be led to ask a further question. How can a 
river attack a mountain wall, or even a gentle declivity, and quarry 
though it a pathway giving a continuous descent for the flow of its 
waters ? The reply is that no river ever does that. To understand how 
it all came about we must go back to the beginning. The rivers were 
born with the country itself. The land emerged from the sea; and 
when it emerged the ruins or melting snow sought whatever channels 
were determined by the slight inequalities of the newly-risen surface 
and flowed seawards. These lofty ridges, gashed with noble ravines, 
had then no existence. The rivers are older than the mountains. As 
time ran on tlie mountains grew upward, athwart the courses of the 
streams. But a flowing river has a power to fight for and maintain its 
right of way, which becomes apparent only when we have carefully 
studied and analyzed it. This power is inherent in the descent of its 
waters—isliteral water-power. The weapons or tools are the sand, gravel, 
and silt which the waters carry, and .whioh act after the manner of a 
sand-blast, except that in the sand-blast the grit is impelled by air or 
steam, while in the river it is impelled by water. This power, inherent 
in the fall, increases rapidly as the fall increases. When the declivity 
is feeble the power to grind down the channel—to "corrade," as Pow- 
ell terms it—is correspondingly feeble, or even annihilated. When a 
barrier like a ridge rises across the track of a stream the declivity is 
increased at that point. Increased velocity and corrasive power is at 
once developed in the stream, and it cuts.down the barrier. Perhaps 
a lake may be formed above the barrier, but its outlet will be cut down 
and the'lake drained.

In a low country the slopes are, with rare exceptions, feeble, and this 
corrasive power by which the stream maintains its locus is in snch coun­ 
tries correspondingly feeble. Here we may expect to find many cases 
where streams have been deflected largely from their courses; but in a 
high country the reverse is the case. In a region newly risen from the 
waters the positions of the streams may be very inconstant; but as the 
elevation increases they gradually fasten their grip upon the land and 
hold it.

It would be difficult to point out an instance where a great river has 
ever existed under conditions more favorable to stability of position 
than those of the Colorado and its tributaries. Since the epoch when 
it began to flow it has been situated in a rising area. Its springs and 
rills have been among high mountains, and its slope since the earliest 
period of its history has always been great. The relations of its larger 
tributaries have, in these respects, been the same; and indeed the river
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audits tributaries have been a system, and not a mere aggregate; for the 
latter are dependent upon and responsive to the physical conditions of 
the former. And now we come to the point. The Colorado and its tribu­ 
taries run to-day just where they ran after the region emerged from the 
waters. Since that time mountains and plateaus have risen across their 
tracks, whose present summits mark less than half their total amounts 
of uplift. The rivers have cleft them to their foundations.

The Green Kiver, passing the Pacific Bailway, enters the Uinta plat­ 
form by the Flaming Gorge, and after reaching the heart of the chain 
turns eastward parallel to its axis for 30 miles, and then southward, 
cutting its way out by the splendid canon of Lodore. Then following 
the base of the range for a few miles a strange caprice seizes it. Not 
satisfied with the terrible gash it has inflicted upon this noble chain, it 
darts at it viciously once more, and entering it, cuts a horseshoe canon 
in its flank 2,700 feet deep, and emerges near the point of entrance; 
thenceforward, through a tortuous course of 300 miles, it flows south­ 
ward through gently inclined terraces, which rise slowly as the river 
descends. Along this stretch it runs almost constantly against the 
dip of the beds, cutting through one after another, beginning with the 
Upper Eocene until its channel is sunk deep in the Carboniferous. 
Further down, the Kaibab Plateau rose up to contest its passage, and a 
chasm 5,000 to 0,000 feet deep is the result. It is needless to multiply 
instances; the whole province is a vast category of instances of river 
channels catting through plateaus, mesas, and terraces where the 
strata dip up stream. The courses of the caiious are everywhere laid 
independently of the topographical inequalities, whether these inequal­ 
ities be due to the broader features of land sculpture or to displacement 
and unequal uplifting. On the north arid west side of the Colorado the 
tributaries generally run counter to the structural slopes; on the east 
and south sides, they ran more nearly with them.

It is clear then that the structural deformations of the surface, the 
uplifts and downthrows had nothing to do with determining the present 
distribution of the plateau drainage. The rivers are where they are, in 
spite of them. As irregularities rose up,- the streams turned neither to 
the right nor to the left, but cut their way through in the same old 
places. The process may be illustrated by a feeble analogy with the 
saw-mill. The river is the saw and the rising strata are the timber which 
is fed against it. The saw-log moves while the saw vibrates in its place. 
The river holds its place as rigidly, and the rising strata are dissevered 
by its ceaseless wear. What, then, did determine the situations of 
the present drainage channels'? The answer is that they were deter­ 
mined by the configuration of the surface existing at, or very soon after, 
the epoch of emergence. Then, surely, the water-courses ran in con­ 
formity with the burface of the uppermost (Tertiary) stratum. Soon 
afterwards that surface began to be deformed by unequal displace­ 
ment, but the rivers had fastened themselves to their places and have 
ever since refused to be diverted.
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This theorem is of great utility in the study of the Plateau Province, for 
it throws light upon many problems which would otherwise he obscure. 
The course of a river is the index of the slope, and, to a great extent, 
the configuration of the primitive unmodified.surface of a tract. -It be­ 
trays the amount of tilting or flexing which the strata have undergone, 
and also conveys information as to the amount of strata which havt 
been denuded. This information, however, is in many cases incomplete,. 
but when placed in relation with other facts it frequently becomes con­ 
clusive. The application of the theorem to the San Eafael district is a 
beautiful instance of its validity.

Across the San Eafael Swell extend two river channels, one crossing 
it near the northern and the other near the southern end. They head 
in the High Plateaus, and pass through the successive terraces in deep 
canons; then crossing the swell, enter the high cliffs on the eastern side 
and flow on. The northern stream—the San Eafael Eiver—ultimately 
joins the Green Eiver; the southern one—Curtis Creek—enters tbe Fre- 
mont Eiver, a tributary of the Colorado. A glance at the map and an 
interpretation of the topography as expressed by the contours will 
quickly show that these streams are quite independent of the existing 
topography and could not have had their situations determined by it. 
They must have been laid out upon some ancient surface differing 
widely from the present. To find that surface is not difficult. It must 
have had a continuous descent, though doubtless of slight declivity, 
from the western margin of the province to the line of the Green and 
Colorado Eivers. We shall obtain precisely that surface configuration 
by reducing or bending back the flexures, and depressing the tilted 
strata until the Cretaceous beds are everywhere horizontal, and then 
filling up the gaps made in the continuity of the strata by erosion. 
Thus we shall reach, by argument from the persistence of rivers, the 
same conclusion which we reached by studying the effects of the reces­ 
sion of cliffs, and by the independent study of the displacements.

The example of erosion thus given by the Sau Eafael Swell illustrates, 
as a sharply defined type, the denudation of the Plateau Province. The 
thickness of the strata removed varies greatly in different portions. In 
the High Plateaus it has amounted to only a few hundred feet. In large 
areas it amounts to two or three thousand feet and in others of consid­ 
erable extent it reaches more than 10,000 feet. Preliminary compari­ 
sons of known facts derived from nearly the entire extent of the sonthern 
province lead to the conclusion that on the average 5,500 to 6,000 feet of 
strata have been removed from its entire expanse. Our knowledge of 
the geology of some portions of it is at present very imperfect. Still, 
enough is known to justify us in believing that this summary estimate 
will not be much affected by future investigation.

We may for special purposes of convenience regard the province as 
consisting of districts or spots of maximum erosion separated from each 
other by high mesas or dividing platforms where erosion has been at its
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minimum. The San Eafael district may be regarded as one of these 
areas of which the central part is an area of maximum erosion while its 
peripheral parts are areas of minimum erosion. The Grand Cafion dis­ 
trict is another, and there are still others which we need not here specify.

Before concluding the introductory part of this paper it will be desir­ 
able to recite briefly the succession of geological events which the study 
of the region has thus far brought to light, selecting only such as will 
hereafter be of special utility.

Throughout the great Carboniferous age the entire area of the Plateau 
Province was submerged beneath the ocean. Deposition of strata went 
on continuously. The thickness of the strata accumulated in that age 
appears to have varied greatly, and the deposits were laid down uncon- 
fonnably over the surface of a country which had been ravaged by a 
great erosion. Such exposures of the Carboniferous as now exist, how­ 
ever, exhibit for the most part a remarkable evenness of stratification. 
In the interior spaces of the province the beds are either horizontal, or 
if disturbed, give full evidence that the disturbances took place long 
after their deposition. The close of this age evidently left a subaqueous 
surface, which was exceedingly flat, and, except around the borders of 
the province, quite free, so far as we now know, from any appreciable 
inequalities.

The thickness of the Carboniferous system is from 4,500 to 5,000 feet 
in the interior of the province, but around its borders, and in the Uinta 
Mountains, it is sometimes found iu far greater volume. Its strata 
consist of impure limestones, occasionally of enormous thickness in 
the individual beds, and alternating with finegrained homogeneous 
sandstones. Extensive beds of gypsum also occur.

After the Carboniferous came the Permian age, in which were laid 
down from 800 to 1,500 feet of sandy shales. The stratification was won­ 
derfully even and everywhere horizontal. The Permian beds are often 
ripple-marked and betray many evidences that they accumulated in shal­ 
low waters. Among these evidences are the appearance at several hori­ 
zons of indications that for a time the sea-bottom was laid bare by the 
recession of the waters, or by the'elevation of the platform itself; for 
we may discern evidences of slight erosion at the contacts of the beds. 
But the horizontality of the beds appears never to have been notably 
disturbed. .

The same state of affairs continued through the Trias. There, too, 
we find evidence of alternations of emergence and submergence in the 
shape of slight unconformities by erosion, and in the occurrence of ex­ 
tensive remains of silicified forests. The Triassic series is composed 
almost wholly of sandstones, the only calcareous matter being thin seams 
of gypsum. The sandstone beds are very numerous and often shaly. 
They are usually of no great thickness individually, but there is one 
very notable member of which we shall see more when we come to view 
the Vermilion Cliffs.
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Directly upon the Trias rests the Jurassic. A wonderful bed of sand­ 
stone 800 to 1,200 feet thick, and very white and sugary in color repre­ 
sents the principal part of this series. It is a very notable formation 
because of its remarkable homogeneity, the persistent way in which it 
preserves its lithological characters through great distances, and the 
absence of divisional planes of stratification—the mass being- solid from 
top to bottom. But most striking of all is its wouderful cross-bedding, 
far surpassing in beauty, extent, and systematic character, any similar 
phenomenon elsewhere, with which I am acquainted. The summit of 
the Jurassic suddenly changes to calcareous and sandy shales, abound­ 
ing in fossils. This series, as well as the Trias, appears to have beeu 
laid down horizontally in shallow waters.

Next comes the Cretaceous system—a mass of yellow sandstones with 
clayey and marly shales, aggregating from 4,000 to 5,000 feet thick. In 
this series we find an abundance of plant remains, many beds of good 
coal, and much carbonaceous shale. The conditions during the Creta­ 
ceous appear to have been quite similar to those which prevailed in the 
Appalachian region during the Carboniferous. Perhaps the conditions 
which attended and rendered possible the accumulation of coal are not 
sufficiently well understood to enable us to say confidently just what 
they were, but there seems to be a general agreement that they involved 
a flat, low, moist country lying almost exactly at mean sea-level, and sub­ 
ject to alternate emergence and submergence. No other supposition 
seems to meet the requirements of the case, or to be capable of explain­ 
ing how a mass of strata could "be so accumulated, consisting of alter­ 
nations of thin seams of coal and'carbonaceous shale with layers of sand­ 
stone containing marine fossils.

We have now the following remarkable state of affairs. From the 
close of the Carboniferous to the close of the Cretaceous there is strong 
evidence that the surface of deposition was always very near to sea- 
level, sometimes a few feet above it, but for the most part a little below 
it. And yet in the interval about 9,000 feet of strata accumulated with 
remarkable uniformity over the entire province, and always in a hori­ 
zontal position. From this it necessarily follows that the inass of mate­ 
rial thus deposited sank or "subsided" at a rate which, in the long run, 
was exactly or sensibly equal to the rate of deposition.

At the close of the Cretaceous we find evidence that the long calm 
which had characterized the action of the physical processes was in­ 
vaded. Some extensive disturbances took place, resulting, at some 
places in the dislocation and flexing of the strata, and,the elevation of 
some portions of the region to considerable altitudes. Erosion at once 
attacked the uplifted portions, and around the borders of tho province 
we find numerous localities, usually not very extensive, which were 
greatly devastated. At some of these places the entire local Cretaceous 
series was denuded, and even a portion of the Jurassic; and the Tertiary 
is seen lyiug upon the Jurassic and across the beveled edges of the 
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flexed Cretaceous strata. But even these localities were again sub­ 
merged, as the presence of the Tertiary fully attests. These disturbances 
were not general—did not extend to the entire province, but appear to 
have occurred around, or a little within, its marginal portions.

The last period of deposition was marked by the accumulation of the 
Eocene beds, which form such a striking feature in the stratigraphy of 
the peripheral parts of the Plateau country. Around the southern flanks 
of the Uintas their aggregate thickness exceeds 5,000 feet, but south­ 
ward the npper members disappear, and 80 miles north of the Grand 
Cafiou only about 1,000 to 1,200 feet, representing the lowest portion of 
the series, make their appearance. It is highly probable that the middle 
and upper portions of the Eocene were never deposited there. But the 
lowest beds, most probably, once covered the entire province, while the 
middle and late Eocene were confined to its more northerly portions. 
The lowest members were deposited in brackish water, as their fossils 
amply attest; but in the succeeding beds the fossil forms are entirely 
those which live in fresh water. Prom that epoch to the present time 
there has been no recurrence of marine conditions.

We now reach a turning point in the history of this region. That 
long continuance of marine conditions lasting from the beginning of 
Carboniferous time to the close of the Cretaceous came gradually to au 
end. The waters became brackish and then fresh. " During the preva­ 
lence of the marine condition it seems to be a necessary conclusion that 
the waters which covered it had abundant access to the ocean. Whether 
its waters were wide open to the ocean, like the Gulf of Mexico or Hud­ 
son's Bay, or whether they formed a broad expanse, with a compar­ 
atively narrow outlet, like the Mediterranean, we do not know, and it 
would be useless to conjecture at present. At all events the communi­ 
cation was sufficiently free to maintain a degree of saltness suitable to 
the existence of molluscan forms of the ordinary marine types. When 
I he waters became brackish, we infer that the straits became greatly 
narrowed; when they became quite fresh, we infer that the access of the 
ocean to the area was wholly shut off, and that the water brought by 
the rivers and rains merely outflowed, and the region became an inland 
lake of vast proportions. For the deposition still went on. Through 
Eocene.time from 1,000 to 5,000 feet of lacustrine beds, containing an 
abundance of fresh-water fossils, were deposited. Among them are also 
found layers of coal and carbonaceous shales, and sandstones thickly 
imprinted with the traces of arboreal vegetation.

But at length the deposition of lacustrine strata ceased; not, however, 
at one and the same time in all parts of the province. The evidence indi­ 
cates that in the southern and southwestern portions it stopped after 
about one-fourth or one-third of the Eocene horizons had been laid down. 
In the central portions it appears to have ceased after about one-half 
to two-thirds of those horizons had been deposited. In the northern 
portions, in the vicinity of the Uintas, the entire system of Eocene
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strata is found in immense volume. These facts lead us to infer that 
the great Eoceiie lake, soon after its waters became quite fresh, begaii 
to shrink its area, and that its bottom became through a slow pro­ 
gression dry land. The southern and southwestern portions were the 
first to emerge; then the middle portions; the lake gradually retracting 
its boundary to the northward, until in the latter part of the Eocene it 
occupied a greatly diminished area in the vicinity of the San Bafael 
country and the southern base of the TJinta Mountains. At the close 
of the Eocene this remnant of the lake also disappeared.

We now reach another turning point in the history of the region. 
Hitherto and for an immense stretch of geological time it had been an 
area of deposition and of subsidence. It now became an area of eleva­ 
tion and denudation, and these processes have been in operation ever 
since. In. the periods of deposition and subsidence, from the Carbo­ 
niferous to the-Eocene, both inclusive, the thickness of the strata accu­ 
mulated varied from 14,000 to 20,000 feet, and the subsidence of the base 
of the'Carboniferous was of nearly equal extent. In the periods of ele­ 
vation and denudation th ese vast masses of strata rose bodily up again; 
the amount of elevation varying according to locality from 6,000 to 18,000 
feet. The havoc wrought by erosion has been, as already shown, stu­ 
pendous ; the thickness of strata removed exceeding 10,000 feet in 
some considerable areas, and averaging probably 5,500 to 0,000 feet over 
the entire province.

The points which it is desirable to notice in this chapter concerning 
the progress of the Tertiary and Quaternary erosion of, the province, 
are few and of the broadest nature. In truth it is necessary to speak 
very guardedly. For while the most general features of the work have 
left well-marked traces which can be interpreted, yet when we come to 
details the vast erosion has swept away so much of its mass that a large 
portion of the evidence of the details has vanished with the rocks. There 
is reason to believe that the greater part-of the denudation was accom­ 
plished in Miocene time. This was a period of slow but continuous up­ 
lifting, reaching a great amount in the aggregate, and it was most prob­ 
ably also a period of rapid erosion. The uplifting, however, was un­ 
equal in the different parts of the province. The comparatively even 
floor of the old lake was deformed by broad swells and plateaus rising 
above the surrounding country. As we shall see hereafter, the action 
of the denuding agents is much more vigorous and*efficient upon the 
higher than upon the lower parts of a region; and consequently these 
up-swellings at once became the objects of special attention from the de­ 
stroying forces and were wasted more rapidly than the lower regions 
around them. Here were formed ceuters or short limited axes, from 
which erosion proceeded radially outwards, and the strata rising gently 
towards them from all directions were beveled off. Thus were formed 
those areas of maximum erosion, already spoken of, and of which the 
San Rafael Swell is the most perfect and simplest type.
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We have also reason to believe that the climate of the Miocene was 
moist and subtropical, conditions favorable under the circumstances to 
a rapid rate of erosion. We do not indeed find the proof of this in the 
province itself, for it contains no Miocene strata or fossils; but in sur­ 
rounding regions the strata and fossils of that age are found in abun­ 
dance, and they clearly indicate that the climate had that character; and 
it would be quite untenable to suppose that so limited a tract as the Pla­ 
teau Province was an anomaly in respect to the climate of the broader 
regions of which it is a part, unless special reasons for it could be ad­ 
duced. I know of no such special reasons. But near the close of the 
Miocene, or not long thereafter, the climate of almost the entire West 
underwent a change, becoming arid, as it is at present. In this change 
the Plateau country no doubt shared. The more important results of 
the Pliocene and Quaternary erosion, however, will be among the prin­ 
cipal themes of the following chapters.



CHAPTER II.
GEOGRAPHY OF THE GRAND CANOX DISTRICT.

The G-rand Canon District—the region draining into the Grand and 
JVIarble Canons—is the westernmost division of the Plateau Province. 
Nearly four-fifths of its area are situated in Northern Arizona. The 
remaining fifth is situated in Southern Utah. Let us turn our attention 
for a moment to the portion situated in Utah. It consists of a series of 
terraces quite similar to those which we have already seen descending 
from the summit of the Wasatch Plateau to the San Eafael Swell like a 
colossal stairway. At the top of the stairs are the broad and lofty plat­ 
forms of the High Plateaus of Utah; a.t the bottom is the inner expanse 
of the Grand Canon District. The summits of the High Plateaus are 
beds of Lower Eocene age. Descending southward we cross, step by 
step, the terminal edges of the entire Mesozoic system and the Permian, 
and when we reach the inner floor of the Grand Canon District we find 
that it consists of the summit beds of the Carboniferous series patched 
here and there with fading remnants of the Permian.

Par beyond the remotest limits of vision stretches the great expanse 
of Upper Carboniferous beds, flecked with Permian outliers, and rising 
or falling to form the broader inequalities of level in the surface of the 
region. The terraces of Southern Utah are the border land between the 
High Plateaus on the north and the Carboniferous platform of the Grand 
Cation on the south, and may be regarded as the appanage of either 
district. Their nature and meaning may become clearer by glancing a 
moment at the District of the High Plateaus.

Let us conceive a right-angled triangle iu which the acutest angle is 
regarded as the apex and the shortest side as the base. Place the apex 
about 25 miles east of Mount Nebo, the gieat mountain which marks 
the southern end of the trne Wasatch Range; place the right angle 170 
or 180 miles due south of the apex, and the other acute angle about 100 
to 110 miles dne west of the right angle. This figure would include 
pretty nearly all of the summit areas of the High Plateaus. Consider 
now the ftorth-and-sonth side reaching from the apex to the right angle. 
It runs along the ciest lines and terraces which look down eastwardly 
upon the San Eafael district and upon other enormously eroded districts 
further sonth. The base reaching westward from the right angle to the 
other acute angle runs among the terraces which descend from the 
southern termini of the High Plateaus to the Grand Caiion District. 
The hypothenuse looks northwestward over a portion of the Basin Pro­ 
vince. The High Plateaus themselves are large remnants of Mesozoic
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and Tertiary strata which have been spared in the enormous denudation 
which has eaten out the heart of the Plateau Province. Their preseiva- 
tion has been largely due to extensive outpours of lavas, which have 
overspread most of their summits, and the energy of the eroding agencies 
has there spent itself upon the more obdurate materials of volcanic 
origin.

Starting from the right angle and reaching out south-southeast is 
a rather lofty mass, named the Kaiparowits Plateau. It reaches to 
the Colorado Eiver, where it is cleft asunder by the mighty gorge of the 
Glen Canon, but resumes its course on the other side, extending into 
Arizona., where it spreads out. It is composed of Cretaceous strata. Its 
western flank forms a part of the eastern boundary of the Grand Canon, 
or more restrictedly of the Marble Canon, district. Here again is the 
same old arrangement—terraces with their' marginal cliffs rising from 
the Carboniferous platform step by step to the Middle Cretaceous—the 
cliffs all looking westward over the great region from which the former 
extensions of the strata they terminate have been swept away.

Thus we may uote that the northern and eastern boundaries of the 
Grand Canon District are cliff-bound terraces. Crossing the district 
either longitudinally from north to south, or transversely from east to 
west, we find as we approach the southern or western border that the 
Carboniferous platform ascends very gradually. There are broad and 
feebly marked (sometimes well marked) undulations, or ups and downs; 
but, 011 the whole, the country gains iu altitude as we approach its 
western and southern limits. At last, it terminates iu a giant wall 
plunging down thousands of feet to the platform of a country quite sim­ 
ilar to that of the Great Basin of Nevada. Those who have traveled on 
the Central Pacific Railway will recall the features of that very desolate 
region which lies between Great Salt Lake and the Sierra Nevada; and 
all those features are repeated and their desolation intensified in the 
dreadful region which lies west and south of the Grand Canon District.

The district may be conveniently divided into parts. The northern­ 
most portion is the area comprising the southern terraces of the High 
Plateaus. A description of these sufficient for preliminary purposes has 
already been given. At the foot of these ten aces stretches away to the 
southward the great Carboniferous platform of the heart of the district. 
That portion of the platform which lies north of the Colorado Eiver may 
be subdivided into five distinct plateaus. Naming them iu regular 
order from west to east, they are: 1, the Sheavwits; 2, the Uinkaret; 3, 
the Kanab; 4, the Kaibab; 5, the Paria. These five plateaus are sepa­ 
rated from each other by natural boundaries, which are for the most 
part quite distinct. These boundaries are great faults or dislocations of 
the main platform, which have produced cliffs by hoisting the platform 
on one side of the fault line or dropping it on the other. To show how 
these dislocations have affected the topography, the reader is referred 
to the east and wegt section delineated in the accompanying dia-
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gram. (PI. XIII.) Immediately south of the Paria Plateau extends the 
Marble Canon, with a sonthwestward course. Directly across the re­ 
maining four plateaus winds the Grand Gallon of the Colorado. Sonth 
of thi! river is a vast expanse of nearly flat surface, but little diversified, 
called the Colorado Plateau. Upou its southern horders rise abruptly 
a group of great volcanic piles called the San Francisco Mountains, the 
largest or dominant cone heing of an impressive order of magnitude. 
There a,re si ill other portions beyond, but the entire region south of the 
Colorado has been reconnoitered rather than surveyed; and though we 
have a general knowledge of pretty nearly the whole of it, our knowl­ 
edge of details is not as yet precise.

The entire expanse of the Grand Canon platform within the terraces 
consists of a flat surface, interrupted at wide intervals by cliffs or sharp 
flexures produced by the great displacements which traverse the land in 
a prevailing north to south direction.* On the whole, it is a smooth 
country in comparison with the other districts of the Plateau Province. 
It is not dissected or honeycombed by the ramifications of innumerable 
side gorges, as is the case with most of the other districts, for the Grand 
Canon has on the north side only one lateral or tributary canon of any 
considerable length, and this tributary has but few branches. In truth, 
one of its remarkable features is the paucity of lateral chasms. The 
southern side is not more diversified than the northern, and I think we 
may say that it is somewhat less so. Between the great cliffs of dis­ 
placement and between the foot of the terraces and the brink of. the 
chasm the country is not more uneven than the Great Plains of Western 
Nebraska and Kansas, and not much more so than Indiana and Illinois. 
But the traveler is seldom out of sight of the palisades reared at the 
fault-lines, or of the gigantic and gorgeously colored walls which bound 
the terraces of the High Plateaus.

The Grand Canon will be described at some length in subsequent 
chapters. Here will be noted only those more general features which 
may be made to appear on the map. It crosses transversely the four 
western plateaus of the district, while the Marble Canon traverses the 
eastern or fifth plateau. The two canons are only nominally separated, 
for there is no gap between them. The Marble Canon begins at the 
base of the eastern terraces. The Colorado River, after traversing the 
central mesas of the Plateau country in a series of profound chasms, at 
length emerges from the Echo Cliffs of Triassic and Permian age. Here 
for an instant the river is in comparatively open country. But within 
a mile or two it begins to sink another chasm in the Carboniferous 
rocks, and in the course of G5 miles the depth steadily increases until 
it becomes about 3,500 to 4,000 feet. This is the Marble Canon. It is

* It -will be noted here that cliffs may lie produced (1) by faults lifting the country 
on one side of the fault-line or depressing it on the other; (2) by the denndation of 
the strata in front of the cliff. The former ace called Cliffs of Displacement; the hitter, 
Cliffs of Erosion.
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a gorge of very sim pie form, and its width is about twice as great as its 
depth. Its course is at first southwest, but gradually deflects to the 
southward. Its lower end is arbitrarily fixed at the junction of the 
Little Colorado or Colorado Chiquito, a stream coming in from the 
southeast and entering by a lateral chasm as deep as the main gorge 
itself. Below this junction the river turns westward, the walls grow 
rapidly higher, the great chasm widens out to six or eight times its 
width in the Marble Canon, and the valley of the river is filled with 
buttes as large as mountains and wonderfully sculptured. Here the 
river enters the Kaibab, and its walls soon attain the altitude of about 
6,000 feet. After a tortuous course of sixty miles in a prevailing north­ 
west direction the river passes out of the Kaibab and at once changes 
its trend to west southwest. It passes without a break from the Kai­ 
bab to the Kanab Plateau. Here its depth diminishes to about 5,000 
feet and its topography changes in character, becoming more simple. 
Preserving its new features and the direction of its course throughout 
the Kanab and Uinkaret plateaus, it at length crosses the Hurricane 
fault where the whole platform of the country suddenly drops more than 
a thousand feet, correspondingly diminishing the height of the walls. 
But the lost altitude is steadily and rather rapidly regained as the river 
enters the Sheavwits Plateau. Soon after crossing the fault the river 
turns abruptly to the south, and after describing a great curve in the 
heart of the Sheavwits platform it turns northwestward again. The 
great chasm suddenly terminates in the face of the giant wall which 
forms the western boundary of the Sheavwits Plateau. Here the river 
emerges through a mighty gateway a mile in depth, and is almost in 
open country, its banks dropping at once to altitudes of only a few hun­ 
dred feet. This is the western bound, not only of the Grand Canon Dis­ 
trict, but of the Plateau Province itself. Thenceforth the course of the 
Colorado to the ocean is through and across that dismal, torrid sierra 
region, which is the southward extension of the features of the Great 
Basin.

For convenience of discussion the Grand Canon is divided into four 
divisions, (1) the Kaibab, (2) the Kanab, (3) the Uinkaret, (4) the Sheav­ 
wits, divisions. The last three are much alike in all their features and 
dimensions. The Kaibab division is a little deeper, notably wider, 
and very much grander and more diversified than the others. The to­ 
tal length of the Grand Canon, as the river runs, is about 218 miles, and 
its depth varies from 4,500 to 6,000 feet, averaging 5,000. Its width, 
from crestline to crestline, varies from 4£ to 12 miles—the widest por­ 
tions being always the grandest.

It is also necessary to advert to the tributaries of the Colorado lying 
within the district. . Upon the northern side there is but one now enter­ 
ing the Grand Canon; but there are on this side two others, one of which, 
named the Paria, enters at the head of the Marble Canon, and the other, 
the Yirgen, which enters it about 40 miles west of the lower end of the
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Grand Caiioii. Kanab Creek joins the Colorado on the north side in 
the heart of the great chasm. These three streams, the Virgen on the 
west, Kanab Creek in the middle, and the Paria on the east, all have 
their sources in the terraces of the High Plateaus. They are very impor­ 
tant factors in the problem of reconstructing the history of the region. 

On the south side of the river are (1) the Colorado Chiquito or Little 
Colorado, entering at the foot of Marble Caiion, (2) Cataract Creek, en­ 
tering near the middle of the Kanab division, (3) Diamond Creek, join­ 
ing at the elbow of the great bend in the Sheavwits division. These, 
too, have their bearing upon the general problem.



CHAPTER III
THE TERKACES.

In describing those subdivisions of the Grand Canon district which 
are of greatest moment to the present discussion, I shall begin with the 
terraces terminating the High Plateaus.

Before the observer who stands upon a southern salient of the Mat 
kagunt Plateau is spread out a magnificent spectacle. The altitude is 
nearly 11000 feet above the sea, and the radius of vision reaches to the 
southward nearly a hundred miles. In the extreme distance is the calm 
of the desert platform, its surface mottled with indistinct lights and 
shades, too remote to disclose their meaning. Against the southeastern 
horizon is projected ,the pale-blue escarpment of the Kaibab, which 
stretches away to the south until the curvature of the earth carries it 
out of sight. To the southward rise in merest outline, and devoid of 
all visible details, the dark mass of Mount Trumbull and the waving 
cones of the Uinkaret. Between these and the Kaibab the limit of the 
prospect is a horizontal line, like that which separates the sea from the 
sky. To the southwestward are the Sierras of the Basin Province, and 
quite near to us there rises a short but quite lofty range of veritable 
mountains, contrasting powerfully with the flat crestlines and mesas 
which lie to the south and east. It is the Pine Valley range, and 
though its absolute altitude above, the sea is smaller than many other 
ranges of the West, yet since their bases are comparatively low (3,000 
to 3,500 feet above the sea), the mountain masses themselves are very 
high.

THE EOCENE.

The foreground of the picture is full of strength and animation. At 
our feet is the brink of a precipice where the profiles descend 800 feet 
upon rugged slopes which shelve away downwards and mingle with 
the inequalities of a broad platform deeply indented with picturesque 
valleys. The cliff on which we stand is of marvelous sculpture and color. 
The rains have carved out of it rows of square obelisks and pilasters of 
uniform pattern and dimensions, which decorate the front for many miles, 
giving the effect of a 'giantic colonnade from which the entablature 
has been removed or has fallen in ruins. The Plateau Country abouuds 
in these close resemblances of natural carving to human architecture, 
and nowhere are these more conspicuous or more perfect than in the 
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scarps which terminate the summits of the Markagunt and Paunsagunt 
Plateaus. Their color varies with the light and atmosphere. It is a 
pale red under ordinary lights, but as the sun sinks towards the horizon 
it deepens into a rich rose color, which is seen in no other rocks and is 
beautiful beyond description. These cliffs are of lower Eocene age, con­ 
sisting of lake marls very uniformly bedded. At the base of this series 
the beds are coarser, and contain well-marked, brackish-water fossils; 
but as we ascend to the higher beds we find the great mass of the Eocene 
to consist of fresh-water deposits.

These beds are identical in age with the lower divisions of the Eocene 
Viluch are seen in great volume both north and south of the Uiiita 
Mountains, in the basins of the Green River, of Bitter Creek, and of the 
White and Umta Ei vers. Their geological relations and associations, too, 
are quite the same, for the same lake bottom received the deposits of the 
southern Uinta slopes and those of the Markagunt. Those of the Green 
River basin north of the Umtas appear to have accumulated in a sepa­ 
rate lake basin communicating with the one which submerged the south­ 
ern Plateau province. The interval separating the Markagunt from 
the Umta region is 250 miles and more, but the lower Eocene is contin­ 
uous between them. It occupies a marginal belt sometimes narrow, 
but more frequently wide, which was once the locus of the northwestern 
portion and shore line of the great lake. The summits of the High Pla­ 
teaus, wherever the volcanic masses are absent, disclose this formation, 
and its presence is decisively inferred beneath the lavas and their debris. 
A common bond between the two regions is also indicated by the 
physical conditious attending the deposition of these strata. The lower 
Eocene rests upon the underlying formations, conformably in some places, 
uncouformably in others. Where conformity prevails, both the upper 
and lower series were at the time of deposition sensibly horizontal. 
But in many places the Cretaceous, prior to the deposition of the Eocene, 
was greatly disturbed and greatly eroded. And in general the base of 
the Eocene marks an epoch in the geological history of the countiy, in 
which an old order of events was closing and a new order was making 
its advent. This revolution was the transition of the region from the 
oceanic condition to thatof an estuary and lake, and subsequently to that 
of dry laud. The Lower Eoceue beds are brackish-water deposits in 
the basal members, while higher up they become fresh water. The 
basal members are coarse and even conglomeratic in their texture, while 
the middle and higher ones are flue and marly. Thus is indicated the 
complete severeuce of the lake from the access of oceanic waters. Both 
in the Uinta district and throughout the High Plateaus these events 
are recorded in the same order and their meaning is the same in both.

The beds now found in the southern extremities of the High Pla­ 
teaus represent less than half of the duration of Eocene time. No 
middle and no upper Eocene strata are found there. But as we go 
northward towards the Uintas we find later and later formations sue-
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cessively appearing until upon the flanks of the Uiutas we find the 
whole Eocene series in enormous volume, exceeding perhaps 5,000 feet. 
Conld these middle and Upper Eocene masses once have existed upon 
the southern portion of the High Plateaus and been swept away by 
erosion ? There is strong evidence to the contrary.* The facts, then, 
indicate that when the desiccation of thelake took place, the portion which 
first emerged was the southern and southwestern—or the Grand Canon 
district; that its shore line gradually receded northward during middle 
and upper Eocene time, leaving dry land behind it; and the last remnant 
of the lake disappeared near the base of the Uintas. Wherever the physi­ 
cal geology and evolution of the Grand Canon district touches the ques­ 
tion of time, the earlier date of its emergence than that of other portions 
of the Plateau Province appears—sometimes dimly, sometimes forcibly. 

The principal mass of the Eocene terminates at the " Pink Cliffs," as 
they are called, in the southern margins of the Markagunt and Paunsa- 
gunt Plateaus. There are a few outliers beyond. Around the base of 
the Pine Valley Mountains to the southwest, and beyond them in the 
same direction, some remnants have escaped destruction. But this part 
of the country has not been sufficiently explored to indicate more than 
the bare fact of their existence. Far to the eastward a single outlier 
stands upon the summit of the great Kaiparowits Plateau, forming the 
apex of Kaiparowits Peak. But generally speaking, the Eocene is 
wholly absent, so far as known, from" the country south of the terraces.

THE CRETACEOUS.

The platform immediately below the Pink Cliff's is picturesque rather 
than grand. Eough rolling ridges of yellow sandstone, long sloping 
hillsides, and rocky promontories clad with large pines and spruces, sur­ 
round the valleys. These rocks are of Cretaceous age. Upon the south­ 
ward slopes of the Paunsagunt and Markagunt Plateaus, they nowhere 
present the serried fronts of cliff's, but break down into long irregular 
slopes much like those of common hill countries. In those superficial 
and merely scenic aspects which make the terraces so impressive, the 
Cretaceous is for the most part notably deficient; but in those deeper 
studies, which are of most significance to the geologist, it holds an im­ 
portance not inferior to that of any other formation. It is never wanting 
at its proper place in the terraces, but always displays a vast series of 
sandstones and clay-shales, varying from 4,000 to 5,000 feet in thickness. 
Around the western and southern flanks of the Markagunt, and just 
beneath the summit platform, they occupy a belt varying in width from 
4 to 10 miles. Around the Paunsagunt their relative positions and re-

*This evidence will be fully discussed in my monograph on the Geology of the Grand 
Canon district.—C. E. D.
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lations are quite the same. But as we pass eastward into the great 
amphitheater of the Paria Valley they at length take the form of cliffs 
of very striking aspect. The numerous ledges rise in quick succession, 
step by step from the valley bottom to the base of the Eocene mass of 
Table Cliff, which stands as a glorious Parthenon upon the summit of a 
vast Acropolis. The many superposed cliffs which constitute this stair­ 
way are severally of moderate dimensions, but their cumulative altitude 
is more than 4,000 feet, tier above tier, and their composite or multiple 
effect, intensified by the exceeding sharpness of the infinite details of 
repetitive sculpture, places it among the grander spectacles of the 
Plateau country. In their coloring, these cliffs are quite peculiar. There 
are no red, purple, orange, and chocolate hues, such as prevail in other 
formations, but pale yellow and light brown in the sandstones and blue- 
gray to dark iron-gray in the heavy belts of shale. The tones are very 
light and brilliant on the whole, the darker belts playing the part of a 
foil which augments rather than diminishes their luminosity.

THE JURASSIC.

Beyond the Cretaceous, as we descend the stairway of terraces, the 
Jurassic comes to daylight. It forms a belt encircling the Cretaceous 
and outside of the latter. It is composed of two groups of strata; the 
upper consisting of red sandy shales with belts of impure limestone; 
the lower a great mass of white sandstone, nearly a thousand feet thick. 
The red shales contain abundant fossils, strongly characteristic of their 
Jurassic age, while the sandstone below is wholly barren of organic re­ 
mains. The sandstone, however, is full of interest on account of its 
remarkable lithological characters. From summit to base, it is appa­ 
rently one indivisible stratum. Here and there signs of a division are 
suspected, but closer scrutiny shows that they are produced by the con­ 
tact of one plexus of cross-bedding with another, or by some other cause 
not affecting the dominant fact. It is remarkably homogeneous through­ 
out its whole mass. On a near view of the rock faces they are seen to 
be covered with a wonderful filagree of cross-bedding. On every cliff 
and headland, on every butte or rocky knoll where this huge stratum is 
exposed, the rock faces are etched with an arabesque as beautiful as 
frostwork. Along hundreds of miles of linear extent, and over thou­ 
sands of square miles of surface of the country, this graceful waving of 
myriads of curves is displayed. Cross-bedding is common enough in 
other regions and other formations, but nowhere in the world, I fancy, 
can such a profusion of it be seen.

The Jurassic sandstone is also conspicuous for its cliffs. Here every 
formation has its own style of architecture and sculpture, which are as 
distinctive as the lithological constitution, for upon that constitution
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the style depends. The Jurassic forms are characterized by. a peculiar 
massiveness and boldness and by an extreme simplicity which is even 
severe. Its walls are quite plain, without horizontal or vertical mould­ 
ings, and the only decoration is the cross-bedding which becomes invis­ 
ible at distances sufficient to render a general view of the fronts effect­ 
ive. A notable feature also is the absence of talus—or, if it be present, 
its small proportions. This simplicitly usually give's a dull slumberous 
aspect to the escarpments, suggesting on a vast scale the structures of 
the Peruvian Incas. But it is not always so. Occasionally the auster­ 
ity of these forms is relaxed or replaced by a strange kind of animation 
which sometimes becomes amusing. Looking southward from the brink 
of the Markagunt the eye is attracted to the features of a broad middle 
terrace upon its southwestern flank, named The Oolob. It is a veritable 
wonderland. It lies beyond the Cretaceous belt and is far enough away 
to be obscure in its details, yet exciting curiosity. If we descend to it 
we shall perceive numberless rock-forms of nameless shapes, but often 
grotesque and ludicrous, starting up from the earth as isolated freaks of 
carving or standing in clusters and rows along the white walls of sand­ 
stone. They bear little likeness to anything we can think of, and yet 
they tease the imagination to find something whereunto they may be 
likened. Yet the forms are in a certain sense very definite, and many of 
them look merry and farcical. The land here is full of comedy. It is a 
singular display of Nature's art mingled with nonsense. It is well 
named the Golob, for the word has no ascertainable meaning and yet 
sounds as if it ought to have one.

For are these the only forms which the Jurassic discloses. Here and 
there blank faces of the'white wall are brought into view as the sinuous 
line of its front advances and recedes. Isolated masses cut oft'from the 
main formation, and often at considerable distances from it, lie with a 
majestic repose upon the broad expanse of the terrace. These some­ 
times become very striking in their forms. They remind us of great 
forts with bastions and scarps nearly a thousand feet high. The smaller 
masses become regular truncated cones with bare slopes. Some of them 
take the form of great domes where the eagles may build their nests in 
perfect safety. But noblest of all are the white summits of the great 
temples of the Virgen gleaming through the haze. Here Nature has 
changed her mood from levity to religious solemnity, and revealed her 
fervor in forms and structures more beautiful than anything in human 
art. But we shall see more of this hereafter and from much more advan ; 
tageous stand-points than the summit of the Markagunt. There only 
faint suggestions of the reality are given. We only perceive in imper­ 
fect detail some throngs of towers, snow-white above and red below, the 
bristling spires of ornate buttes, or a portion of the grand sweep of a 
wing-wall thrust out from some unseen facade. None of them appear 
in their full relations to the whole, and all of them are weakened, faded, 
and flattened by the distance.





li. S. GEOLOGICAL SURVEY. ANNUAL REPORT 1881. PL. XVI.

A MIDSUMMERDAY'S DREAM.—JURASSIC.—ON THE COLOB.





DOT-TON.) BASIN OF THE VIEGEN. 79

At the border of the Jurassic the profile drops upon the summit of the 
Trias, but from the summit of the Markagunt nothing is visible in detail 
of that formation. The faces of the escarpments are turned away from 
us and only the crestlines are visible. The view from the Markagunt, 
however, is memorable because it is characteristic. To study the Trias 
•we must leave the verge of that Plateau and descend the terraces to the 
southward.

On our way we may note several things of some importance. We 
may observe, first, that the strata all have a very slight dip to the north. 
This dip on the average is less than two degrees, but here and there 
inclinations as great as four or five degrees may be seen. This dip is 
very general throughout the terraces. Its effect is to make the altitudes 
of the higher or more northerly platforms less—or, conversely, to make 
thcaltitudes of the lower and more southerly terraces greater—than they 
would be if the entire series were horizontal. In the ent ire series of beds 
which are exposed, the aggregate thickness from the top of the Carbon­ 
iferous to the summit of the local Eocene is not far from 10.000 feet, but 
the summit of the Eocene at present lies only about 5,000 to G,000 feet 
above the Carboniferous platform of the Grand Canon District. Thus, if 
the strata were horizontal, we should in ascending the terraces go up 
10,000 feet, but the dip to the northward gradually carries down the 
horizons so that in crossing the edges of 10,000 feet of strata we only 
gain 5,000 to 6,000 feet in altitude. We find this same northward dip 
prevailing in the Carboniferous to the southward, and it is a feature of 
great moment in the studies which are to follow.

Another point to benoted is that the strata slowly diminish in thick­ 
ness from west to east. The attenuation, however, is ordinarily very 
slow and gradual, and the observer would have to travel manj miles 
along the escarpments exposing the edges of the strata before he be­ 
came aware of it. It is most noticeable in the Trias, and in the sequel 
this will be more fully discussed. The meaning of this attenuation ot' 
the strata towards the east is as follows.

It is a common fact that the greatest thickness of a group of strata 
is usually found near the shorelines of the mainlands from which their 
materials came. As we recede from these ancient shorelines we gen­ 
erally find that the strata diminish in thickness, at first quite rapidly, 
but afterwards more slowly. The materials deposited near the shores 
are, in many cases, of coarser texture than those deposited at a distance 
from them. This is not always true of every distinct bed, but if we con­ 
sider any group of strata with many members we shall usually find it 
true of the group as a whole. In the case of the Mesozoic strata of the 
terraces, they are remnants of beds deposited in a sea or bay, the shore­ 
line of which lay to the westward and northwestward. The position of 
this shoreline, no doubt, varied during the Mesozoic periods, now ad­ 
vancing and now receding; but in general terms its mean position ap­ 
pears to have been nearly along what is now the boundary of the Basin
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Province. The Great Basin was then dry land, undergoing denudation, 
and its detritus was washed down on this side into the sea, where, the 
Mesozoic strata of the Platean Province accumulated. The position of 
this ancient shoreline in the Sierra country south of the Great Basin 
and west of the Grand Canon district we do not as yet know; the pre­ 
sumed location not being explored as yet. This attenuation of the 
strata and their relation to the shoreline of the mainland, from which 
they were in great part at least derived, is another important factor 
which must be kept in mind in the course of the discussion.

It will be well to bestow also a glance at the distribution of the more 
important drainage channels. The western portion of the terraces is

FIG. 5.—Entrance to the Parvi-nu-weap.
•

drained by the branches of the Virgen River. Upon the Colob heads 
the northern fork of the Virgen, sometimes called the Mu-kun-tu-weap, 
sometimes Little Zion Kiver. It flows due south. East of this is the 
eastern fork, called thePa-ru-nu-weap. Both branches have their sources 
at the base of the Pink Cliffs (Eocene), and at length unite to form the
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Virgen. Their channels are surely very wonderful freaks of nature. The 
Pariinuweap, after collecting its several filaments on the slopes of the 
Cretaceous terrace, at length begins to burrow into the Jurassic, cutting 
a very deep and remarkably narrow gap in the white sandstone, and 
then into and through the Trias. For many miles it flows in a mere 
cleft barely fifty feet wide at the bottom and sometimes narrower, and 
attaining a depth of more than 2,500 feet. In scouring down its channel 
into the sandstones the stream did not cut always vertically, but swayed 
from side to side, so that now great bulges of the wall overhang the bot­ 
tom of the abyss, and in some places shut out the sky overhead. The 
Mukuntuweap, or Little Zion fork, is even more remarkable. For a con- 
nderable distance this stream also runs in a profound and exceptionally 
narrow chasm, but it at length widens out, and just where it joins the 
Parunuweap is a scene which must ultimately become, when the knowl­ 
edge of it is spread, one of the most admired in the world. Of this 
hereafter. Below the junction of the forks the Virgen flows westward, 
and passes out of the terraces and out of the Plateau Province. At 
length it joins the Colorado.

East of the drainage area of the Virgeii is that of Kanab Creek. 
It heads in the broad valley of Upper Kanab, which occupies an in­ 
dentation of the southern margin of the High Plateaus between the 
Markagunt and Paunsagunt. The bulk of the drainage passes through 
the upper canon of Kanab Creek, and at length emerges upon the 
desert to the southward. Further on it sinks another chasm in the Car­ 
boniferous, which becomes a mighty side gorge of the Colorado, and 
unites with the Grand Canon in the middle of the Kanab division.

Still east ward is the great amphitheater which gives rise to the branches 
of the Paria. This stream flows southeastward and ultimately enters 
the Colorado at the head of the Marble Canon.

In these three subordinate drainage basins of the terraces it is well to 
notice some features of importance, common more or less to all, but 
most distinctly seen in Kanab Creek. They all run contrary to the dip 
of the strata. The summits of the terraces dip to the northward, while 
the streams run southward. They thus form each a chain of canons. 
Thus, Kanab Creek with its upper tributaries flowing in open valleys 
soon begins to cut into the Jurassic, and its gorge, ever deepening, at 
length becomes nearly a thousand feet in depth. Suddenly the canon 
walls swing to right and left to form the mural front which terminates 
the Jurassic terrace, and the river, now at the summit of the Trias, is 
once more in open country; but only for a short distance, for it soon be­ 
gins to cut into the Trias, forming a great canon as before. The same 
process is repeated and the river flows out of its Triassic chasm into the 
open again, while its walls swing in either direction to form the terminal 
escarpment of the Triassic terrace.

The three streams just mentioned are not the only drainage channels 
in the terraces, though they are the principal ones, and sooner or later 
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gather the greater part of the drainage. There are many caiions in the 
terraces, and they all have the same relation to the cliffs and to the dips 
of the strata. They cut into the terraces and emerge from them at the 
bases of their several cliffs. All except the three first mentioned are 
dry, carrying no streams except spasmodic floods during heavy rains and 
the melting of the snows. Many of them are actually filling up, the 
floods being unable to carry away all the sand and clay which the in­ 
frequent rains wash into them.

It .is through the dry and partially refilled chasms that we may easily 
descend from the High Plateaus to the Carboniferous platform of the 
Grand Canon district. To study the Trias, we may best go to the little 
village of Kanab and prepare for a journey along the base of the Ver­ 
milion Cliffs.

THE TRIAS.

Kanab village is situated under the eaves of the Vermilion Cliffs, 
in the jaws of the canon of Kanab Creek. It has for several years been 
the base of operations of the surveying parties working in the Graud 
Canon district, and is well located for the purpose. After due prepara­ 
tion, we may leave the village, proceeding about twenty miles south- 
westward to the southernmost promontory of the Triassic escarpment. 
Here is Pipe Spring, famous in this far-off region as a watering place. 
The reader would do well to find the locality on the map, for it is a nota­ 
ble point. The Vermilion Cliffs here change their trend to the north­ 
westward, and we shall presently follow them to admire their beauty 
and magnitude; but before doing so it is well to take a brief view of 
their geological relations.

The Trias is in most places separated from the Jura by a purely pro­ 
visional horizon which marks a change in the lithological aspect of the 
strata, and in the grouping and habit of the series. Sometimes the pas­ 
sage from one to the other is obscured, but more frequently it is abrupt. 
The Jurassic sandstone is without a likeness in any other formation, 
and the sandstones of the Trias can ordinarily be distinguished from it 
miles away. One of the most conspicuous distinctions is the color, and 
it is a never-failing distinction. The Jurassic is white; the Trias is flam­ 
ing red. Equally conspicuous is the difference in bedding and in the 
architecture. The Jura is a solid indivisible mass of 800 to 1,000 feet 
in thickness; the Trias is composed of a very great number of beds, 
most of which are only a few feet in thickness. One bed, however, 
attains vast proportions. The majority of the layers are common sand­ 
stones, and they predominate most in the upper portion of the series. 
hi the middle part the sandstones still predominate but are individually 
thinner, and are more often separated by shaly layers and by bands of 
gypsum. In the lower portions, sandy and argillaceous shales of won-
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derful colors predominate. Lime is found in these rocks, and in notable 
quantity, but it is almost always in the form of gypsum or selenite. No 
fossils in these parts have yet been found which are of paleontological 
value; but fish-scales, and fragments of bony scutes are sometimes ob­ 
tained, which are useless for the purposes of the geologist. In the lower 
shales we find a great abundance of fossil trees completely silicified 
and several bulky layers are composed very largely of their fragments. 

The Trias makes its appearance upon the outermost western flank of 
the Markagunt, a little north of the Mormon town Cedar, rising by a 
fault out of the valley alluvium. With a. constantly expanding exposure, 
it extends southward along the west flank of the Markagunt arid along 
the upthrow of the Hurricane fault, until the whole of its mass comes to 
the surface; then broadening out into a wide terrace, it sweeps around 
the southwestern limit of the Colob and over into the valley of the Vir- 
gen, where it breaks into cliffs, temples, towers, and buttes of iueffable 
splendor and beauty. Thence, with a still wider terrace, bounded by a 
giant wall, it stretches to the southeast as far as Pipe Spring. Here is 
its southernmost promontory, from which its front trends away north­ 
east and east in proportions diminished somewhat, but still imposing, 
as far as the Paria Eiver. Thus far the distance is more than 120 miles, 
iu which the sinuosities of the front are not reckoned. Throughout this 
entire sweep it presents to the southward a majestic wall richly sculp­ 
tured and blazing with gorgeous colors. The cliff line is very tortuous, 
advancing in promontories, with intervening bays and broad canon val­ 
leys setting far back into the terrace, and resembling a long stretch of 
coast-line gashed with fiords. Perhaps also the contour of a maple-leaf 
may be a suggestive analogy. The altitudes of the cliffs are greatest in 
their western portions, for there we find greater thickness of strata. They 
often exceed 2,000 feet, while in the portion extending from Pipe Spring- 
to the Paria the altitude ranges from 1,000 to 1,400 feet.

THE YEKMILION CLIFFS.

To. this great wall, terminating the Triassic terrace and stretching 
from the Hurricane Ledge to the Paria, Powell has given the name of 
The Vermilion Cliffs. Their great altitude, the remarkable length of 
their line of frontage, the persistence with which their proportions 
are sustained throughout the entire interval, their ornate sculpture and 
rich coloring, might justify very exalted language of description. But 
to the southward, j ust where the desert surface dips downward beneath 
the horizon, are those supreme walls of the Grand Canon, which we must 
hereafter behold and vainly strive to describe; and however worthy of 
admiration the Vermilion Cliifs may be we must be frugal of adjectives, 
lest in the chapters to be written we find their force and meaning ex-
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hausted. They will be weak and vapid enough at best. Yet there are 
portions of the Vermilion Cliffs which in some respects lay hold of the 
sensibilities with a force riot much less overwhelming than the majesty 
of the Grand Canon; not in the same way, not by virtue of the same 
elements of power and impressiveness, but in a way of their own and by 
attributes of their own. In mass and grandeur and in the extent of 
the display there is no comparison; it would be like comparing a 
private picture gallery containing a few priceless treasures with the 
wealth of art in the Vatican or Louvre. All of the really superlative 
portions of the Vermilion Cliifs could be comfortably displayed in any 

. one of half a dozen amphitheaters opening into the Kaibab division of 
the Grand Canon. These"portions occur in the beautiful valley of the 
Virgen, and they, as well as the features which characterize the entire 
front of the Vermilion Cliffs, merit some attempt at description.

Each of the greater sedimentary groups of the terraces from the 
Eocene to the Permian inclusive, has its own style of sculpture and 
architecture; and it is at first surprising and always pleasing to observe 
how strongly the several styles contrast with each other. The elephan­ 
tine structures of the Nile, the Grecian temples, the pagodas of China, 
the cathedrals of Western Europe, do not offer stronger contrasts than 
those we successively encounter as we descend the great stairway which 
leads down from the High Plateaus. As we pass from one terrace to 
another the scene is wholly changed j not only in the bolder and grander 
masses which dominate the landscape, but in every detail and acces­ 
sory; in the tone of the color-masses, in the vegetation, and in the spirit 
and subjective influences of the scenery. Of these many and strong 
antitheses, there is none stronger than that between the repose of the 
Jura and the animation of the Trias.

The profile of the Vermilion Cliffs is very complex, though conform­ 
ing to a definite type and made up of simple elements. Although it 
varies much in different localities it never loses its typical character. 
It consists of a series of vertical ledges rising tier above tier, story 
above story, with intervening slopes covered with talus through which 
the beds project their fretted edges. The stratification is always re­ 
vealed with perfect distinctness and is even emphasized by the peculiar 

• weathering. The beds are very numerous and mostly of small or mod­ 
erate thickness, and the partings of the sandstones include layers of 
gypsum or gypsiferous sand and shale. The weathering attacks these 
gypseous layers with great effect, dissolving them to a considerable 
depth into the wall-face, producing a deeply engraved line between the 
including sandstones. This line is always in deep shadow and throws 
into strong relief the bright edges of the strata in the rock-face, sepa­ 
rating them from each other with uncommon distinctness. Where the 
profiles are thrown well into view the vertical Hues, which bound the 
fa,ces of the ledges, are quite perpendicular and straight, while the lines 
of the intervening slopes are feebly concave, being, in fact, descending
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branches of hyperbolas. They are graceful in form and indeed genuine 
lines of beauty. The angles where the straight and curved lines meet, 
at the bases and summits of the ledges, are very keen and well cut. 
The composite effect thus given by the multiple cliffs and sloping water- 
tables rising story above story, by the acute definition, of the profiles 
and horizontal moldings, and by the refined though unobtrusive de­ 
tails, is highly architectural and ornate, and contrasts in the extreme 
with the rough, craggy, beetling aspect of the cliffs of other regions. 
This effect is much enhanced by the manner in which the wall ad­ 
vances in promontories or recedes in alcoves, and by the wings and 
gables with sharp corners and Mansard roofs jutting out from every 
lateral face where there is the least danger of blankness or monotony. 
In many places canons have cut the terrace platform deeply, and 
open in magnificent gateways upon the broad desert plain in front. We 
look into them from afar, wonderingly and questioningly, with a fancy 
pleased to follow their windings until their sudden turns carry them 
into distant, unseen depths.

Northwestward of the southernmost promontory at Pipe Spring, the 
cliffs steadily increase in grandeur and animation, and also assume new 
features. Near the summit of the series is a very heavy stratum of 
sandstone, which is everywhere distinguishable from the others. This 
member is seen at Kanab with a thickness of about 200 feet. It increases 
westward, becoming 400 feet at Pipe Spring. Beyond that it still in­ 
creases, reaching a thickness of more than 1,200 feet in the valley of the 
Virgen. It has many strong features, and yet they elude description.' 
One point, however, may be seized upon, and that is, a series of joints 
nearly vertical with which the mass is everywhere riven. The fissures 
thus produced have been slowly enlarged by weathering, and down the 
face of every escarpment run the dark shadows of these rifts. They 
reach often from top to bottom of the mass and penetrate deeply its 
recesses. Wherever this great member forms the entablature—and west 
of Pipe Spring it usually does so—its crest is uneven and presents 
towers and buttresses produced by the widening of these cracks. Near 
Short Creek it breaks into lofty truncated towers of great beauty 
and grandeur, with strongly emphasized vertical lines and decora­ 
tions, suggestive of cathedral architecture on, a colossal scale. Still 
loftier and more ornate become the structures as we approach the 
Virgen. At length they reach the sublime. The altitudes increase 
until they approach 2,000 feet above the plain. The wall is recessed 
with large amphitheaters, buttressed with huge spurs and decorated 
with towers and pinnacles. Here, too, for the first time, along their 
westward trend, the Vermilion Cliffs send off buttes. And giant buttes 
they verily are, rearing their unassailable summits into the domain of 
the clouds, rich with the aspiring forms of Gothic type, and flinging 
back in red and purple the intense sunlight poured over them. Could 
the imagination blanch those colors, it might compare them with vast
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icebergs, rent from the front of a glacier and floating majestically out 
to sea; only here it is the parent mass that recedes, melting away 
through the ages, while its off-spring stands still. Yet the analogy 
would be a feeble one, for the buttes are grander, more definite in 
form, and many times loftier. But the climax of this scenery is still 
beyond.

Late in the autumn of 1880 I rode along the base of the Vermilion 
Cliffs, from Kanab to the Virgen, having the esteemed companionship of 
Mr. Holmes. We had spent the summer and most of the autumn 
among the cones of the Uinkaret, in the dreamy parks and forests of 
the Kaibab, and in the solitudes of the intervening desert; and our sen­ 
sibilities had been somewhat overtasked by the scenery of the Grand 
Caiion. It seemed to us that all grandeur and beauty thereafter beheld 
must be mentally projected against the recollection of those scenes, and 
be dwarfed into commonplace by the comparison; but as we moved 
onward the walls increased in altitude, in animation, and in power. At 
length the towers of Short Creek burst into view, and, beyond, the great 
cliff in long perspective thrusting out into the desert plain its gables 
and spurs. The day was a rare one for this region. The mild, sub­ 
tropical autumn was over, and just giving place to the first approaches 
of winter. A sullen storm had been gathering from the southwest, and 
the first rain for many months was falling, mingled with snow. Heavy 
clouds rolled up against the battlements, spreading their fleeces over 
turret and crest, and sending down curling flecks of white mist into the 
nooks and recesses between towers and buttresses. The next day was 
rarer still, with sunshine and storm battling for the mastery. Boiling 
masses of cumuli rose up into the blue to incomprehensible heights, their 
flanks and summits gleaming with sunlight, their nether surfaces above 
the desert as flat as a ceiling, and showing, not the dull neutral gray of 
the east, but a rosy tinge caught from the reflected red of rocks and soil. 
As they drifted rapidly against the great barrier, the currents from 
below, flung upward to the summits, rolled the vaporous masses into 
vast whorls, wrapping them around the towers and crest-lines, and 
scattering torn shreds of mist along the rock-faces. As the day wore 
on the sunshine gained the advantage. From overhead the cloud- 
masses stubbornly withdrew, leaving a few broken ranks to maintain a 
feeble resistance. But far in the northwest, over the Colob, they rallied 
their black forces for a more desperate struggle, and answered with 
defiant flashes of lightning the incessant pour of sun-shafts.

Superlative cloud effects, common enough in other countries, are 
lamentably infrequent here; but, when they do come, their value is 
beyond measure. During the long, hot summer days, when the sun is 
high, the phenomenal features of the sceuery are robbed of most of their 
grandeur, and cannot or do not wholly reveal to the observer the reali­ 
ties which render them so instructive and interesting. There are few 
middle tones of light and shade. The effects of foreshortening are
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excessive, almost beyond belief, and produce the strangest deceptions. 
Masses which are widely separated seem to be superposed or continuous. 
Lines and surfaces, which extend towards us at an acute angle with the 
radius of vision, are warped around until they seein to cross ifc at a right 
angle. Grand fronts, which ought to show depth and varying distance, 
become flat and are troubled with false perspective. Proportions which 
are full of grace and meaning are distorted and belied. During the mid­ 
day hours the cliffs seem to wilt and droop as if retracting their grandeur 
to hide it from the merciless radiance of the sun whose very effulgence 
flouts them. Even the colors are ruined. The glaring face of the wall, 
where the light falls full upon it, wears a scorched, overbaked, dis­ 
charged look; and where the dense black shadows are thrown—for there 
are no middle shades—the magical haze of the desert shines forth with 
a weird, metallic glow which has no color in it. But as the sun declines 
there comes a revival. The half-tones at length appear, bringing into 
relief the component masses; the amphitheaters recede into suggestive 
distances; the salients silently advance towards us; the distorted lines 
range themselves into true perspective; the deformed curves come back 
to their proper sweep; the angles grow clean and sharp; and the whole 
cliff arouses from lethargy and erects itself in grandeur and power, 
as if conscious of its own majesty. Back also come the colors, and as 
the sun is about to sink they glow with an intense orange-verinihon 
that seems to be an intrinsic luster emanating from the rocks themseh es. 
But the great gala-days of the cliffs are those when sunshine and storin 
are waging an even battle; when the massive banks of clouds send their 
white diffuse light into the dark places and tone down the intense glaie 
of the direct rays; when they roll over the summits in stately procession, 
wrapping them in vapor and revealing cloud-girt masses here and there 
through wide rifts. Then the truth appears and all deceptions are ex­ 
posed. Their real grandeur, their true forms, and a just sense of their 
relations are at last fairly presented, so that the mind can grasp them. 
And they are very grand—even sublime. There is no need, as we look 
upon them, of fancy to heighten the picture, nor of metaphor to present 
it. The simple truth is quite enough. 1 never before had a realizing 
sense of a cliff1 1,800 to 2,000 feet high. I think I have a definite and 
abiding one at present.

As we moved northward from Short Creek, we had frequent oppor­ 
tunities to admire these cliffs and buttes, with the conviction that they 
were revealed to us in their real magnitudes and in their ti ue relations. 
They awakened an enthusiasm more vivid than we had anticipated, and 
one which the recollection of far grander scenes did not dispel. At 
length the trail descended into a shallow basin where a low ledge of 
sandstones, immediately upon the right, shut them out from view; but 
as we mounted the opposite rim a new scene, grander and more beau 
tiful than before, suddenly broke upon us. The cliff again appeared, 
presenting the heavy sandstone member in a sheer wall nearly a thou-
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sand feet high, with a steep talus beneath it of eleven or twelve hundred 
feet more. Wide alcoves receded far back into the mass, and in their 
depths the clouds floated. Long, sharp spurs plunged swiftly down, 
thrusting their monstrous buttresses into the plain below, and sending 
up pinnacles and towers along the knife edges. But the controlling 
object was a great butte which sprang into view immediately before us j 
and which the salieut of the wall had hitherto masked. Upon a ped­ 
estal two miles long and a thousand feet high, richly decorated with 
horizontal moldings, rose four towers highly suggestive of cathedral 
architecture. Their altitude above the plain was estimated at about 
1,800 feet. They were separated by vertical clefts made by the enlarge­ 
ment of the joints, and many smaller clefts extending from the summits 
to the pedestal carved the turrets into tapering buttresses, which gave 
a graceful aspiring effect with a remarkable deflniteness to the forms. 
We named it Srnithsonian Butte, and it was decided that a sketch 
should be made of it; but in a few moments the plan was abandoned or 
forgotten. For over a notch or saddle formed by a low isthmus which 
connected the butte with the principal mesa there sailed slowly and 
majestically into view, as we rode along, a wonderful object. Deeply 
moved, we paused a moment to contemplate it, and then abandoning the 
trail we rode rapidly towards the notch, beyond which it soon sank out 
of sight. lu an hour's time we reached the crest of the isthmus, and in 
an instant there flashed before us a scene never to be forgotten. In 
coming time it will, I believe, take rank with a very small number of 
spectacles each of which will, in its own way, be regarded as the most 
exquisite of its kind which the world discloses. The scene before us 
was

THE TEMPLES AND TOWEKS OF THE VIKG-EN.

At our feet the surface drops down by cliif and talus 1,200 feet upon a 
broad and rugged plain cut by narrow canons. The slopes, the winding 
ledges, the bosses of projecting rock, the naked, scanty soil, display colors 
which are truly amazing. Chocolate, in aroon, purple, lavender, magenta, 
with broad bands of toued white, are laid in horizontal belts, strongly 
contrasting with each other, and the ever-varying slope of the surface 
cuts across them capriciously, so that the sharply defined belts wind 
about like the contours of a map. Prom right to left across the fur­ 
ther foreground of the picture stretches the inner canon of the Yirgen, 
about 700 feet in depth, and here of considerable width. Its bottom is 
for the most part unseen, but in one place is disclosed by a turn in its 
course, showing the vivid green of vegetation. Across the canon, and 
rather more than a mile aud a half beyond it, stands the central and com­ 
manding object of the picture, the western temple, rising 4,000 feet above 
the river. Its glorious summit was the object we had seen an hour
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FIG. 6.—The Mu-kuu-tu-weap.

the esplanade below. The curtain-wall is decorated with a lavish dis­ 
play of vertical moldings, and the ridges, eaves and mitered angles are 
fretted with serrated cusps. This ornamentation is suggestive rather 
than precise, but it is none the less effective. It is repetitive, riot sym­ 
metrical. But though exact symmetry is wanting, nature has here 
brought home to us the truth that symmetry is only one of an infinite 
range of devices by which beauty can be materialized.

And finer forms are in the quarry 
Than over Augelo evoked.

Reverting to the twin temple across Little Zion Valley, its upper mass
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is a repetition of the one which crowns the western pile. It has the 
same elliptical contour, and a similar red tablet above. In its effect 
upon the imagination it is much the same. But from the point from which 
we first viewed them—and it is byfar the best one accessible—it was too 
distant to be seen to the fullest advantage, and the western temple by 
its greater proximity overpowered its neighbor.

Nothing can exceed the wondrous beauty of Little Ziou Valley which 
separates the two temples and their respective groups of towers. Nor 
are these the only sublime structures which look down iuto its depths, 
for similar ones are seen on either hand along its receding vista until a 
turn in the course carries the valley ont of sight. In its proportions it 
is about equal to Yo Semite, but in the nobility and beauty of the sculpt­ 
ures there is no comparison. It is Hyperion to a satyr. No wonder the 
fierce Mormon zealot, who named it, was reminded of the Great Ziou, 
on which his fervid thoughts were bent—"of. houses not built with 
hands, eternal in the heavens."

From these highly wrought groups in the center of the picture the eye 
escapes to the westward along a mass of cliffs and buttes covered with 
the same profuse decoration as the walls of the temples and of the Para­ 
na weap. Their color is brilliant red. Much animation is imparted to this 
part of the scene by the wandering courses of the mural fronts which 
have little continuity and no definite trend. The Triassic terrace out of 
which they have been carved is cut into by broad amphitheatres and 
slashed in all directions by wide canon valleys. The resulting escarp­ 
ments stretch their courses in every direction, here fronting towards us, 
there averted; now receding behind a nearer mass and again emerging 
from an unseen alcove. Far to the westward, twenty miles away, is seen 
the last palisade lifting its imposing front behind a mass of towers and 
domes to,au altitude of probably near 3,000 feet and with a grandeur 
which the distance cannot dispel. Beyond it the scenery changes almost 
instantly, for it passes at once into the Great Basin, which, to this re­ 
gion, is as another world.

THE PEEM1AN.

The idea of a terrace is not so typically represented in the Permian as 
it is in the superior formations. In many parts of the great stairway it 
clearly forms the lowest step; in others it forms one cliff with the Trias; 
in still others it is beveled off and covered with alluvium. On the whole 
it is more frequently presented as a distinct terrace. There is another 
qualification which requires some mention, because when we refer to the 
geological map to study the surface distribution of the strata, we should 
find some anomalies unless the point referred to-were duly explained.

Wherever we encounter a cliff which discloses the upper Permian 
beds we find at the summit of the escarpment a band of pale-brown
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sandstone of very coarse texture, often becoming a conglomerate. Its 
thickness is usually from 40 to 75 feet. In a few places it is wanting 
from its proper horizon, aud in some others its thickness becomes more 
than 100 feet. But on the whole it is a remarkably persistent bed, and 
its persistence is all the more striking when we consider the coarseness 
of its texture; for no beds are so variable as the coarse ones. This 
member has been named by Powell the Shin-a-rump Conglomerate. The 
name Shinarump he also applies provisionally to a large group of beds 
in which the conglomerate is included.* For several years it was 
thought very probable that these beds were a part of the Triassic 
system, though no positive proof could be cited to sustain that pre­ 
sumption. In the summer of 1879 Mr. C. D. Walcott, of this survey, at 
length found some limestone bands near the base of Powell's Shinarump, 
which seem to establish pretty conclusively their Permian age. But 
the fossils so far discovered have only a small vertical range, and lie 
near the base of the group. Above them are many hundred feet of 
beds which yield no fossils at all". While some of them are unquestion­ 
ably Permian, it still remains to find the horizon where the Permian 
ends and the Trias begins. The Trias is as destitute of fossils as the 
Permian, excepting, however, some which are useless for determining 
age. In cases like this the geologist finds himself in trouble. He is 
quite sure that he has beds of two distinct ages; and he must, for pur­ 
poses of discussion, separate them somehow; if not by a natural and 
unmistakable dividing horizon, then by an arbitrary and provisional 
one, subject to amendment by future research. But he must look very 
carefully for a natural horizon of separation. His course of procedure 
would be somewhat as follows. Starting, for instance, with those strata 
which he was sure were Triassic, he would examine the beds downwards 
and finding no fossils would pay attention to their lithological characters. 
Finding no marked difference in the beds, and finding a strict parallelism 
or " conformity " in the several members, he would infer that they were 
deposited under conditions which were substantially identical throughout 
the period of deposition. 'But if he at length reached a stratum of very 
different character, say, for instance, after passing down through a 
great series of sandstones and shales, he came to a heavy mass of lime­ 
stone or a bulky conglomerate, he would have found at last a " break" 
in the continuity or homogeneity of the group. Here, at last, is some­ 
thing which he can use. It may or it may not be synchronous with 
the dividing horizon used in Russia, England, or Kansas, but it is at 
all events not far from it; and it is something palpable, distinct, and 
recognizable by those who come after him. In this way Mr. Walcott

* For the information of the general reader it may be explained that when the 
geologist entering a new region discovers a well-defined group of beds which either 
yield no fossils at all or yield such as do not enable him to determine conclusively the 
age of the series, he does not assign the beds to any definite age or system, but gives 
them a purely provisional and local name which is dropped as soon as the true age is 
established.
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seized upon the Shinaruriip conglomerate as a divisional stratum between 
the Trias and Permian. But another perplexing question arose. To 
which of the two series should the conglomerate itself be assigned? 
And the question is not at first an easy one to answer. Immediately 
above it is a series of sandy shales such as beggar description on account 
of their gorgeous colors. Immediately below it is another series of 
sandy shales so similar to the one above that we never know which of 
the two we are looking at unless the conglomerate is in sight as a 
"bench-mark." Mr. Walcott settled the question (provisionally, of 
course) in the following way. The summit of the lower series shows 
in many places that immediately after it was deposited it was slightly 
eroded, and the contact of the conglomerate shows an " unconformity 
by erosion." The contact of the conglomerate with the npper series 
shows no such unconformity. Now, an unconformity means to the 
geologist a break in the continuity of deposition, and in the^absence of 
reasons'to the contrary, and with no better divisional criterion at hand, 
it may be used to separate two series of beds. He therefore assigned 
the conglomerate to the Trias, and the beds below he placed in the 
Permian.

Mr. Walcott's conclusion is no doubt the best which can be reached 
with our present knowledge, but it is very inconvenient and awkward to 
the geologist who is required to map the distribution of the strata and 
their topographical features. In all of the other formations each group 
forms its own terrace or series of terraces. As we descend them we find 
ourselves, when we reach the foot of the Eocene cliff, upon the summit 
of the Cretaceous. Beaching the foot of the Cretaceous cliffs, or slopes, 
we are upon the broad expanse of the Jurassic platform. Descending 
the Jurassic, we find the Trias coming out from the base of the Jurassic 
Cliffs ; but when we descend the Vermilion Cliffs, we have not reached 
the Permian. The Trias is still beneath us, pushing out its basal mem­ 
ber, the Shinarump conglomerate, clear to the crest-hne ot the Permian 
wall. In the Jurassic terrace and in its terminal cliff we find none but 
Jurassic strata. Similarly, also, on the cliffs and terrace platforms of the 
Cretaceous and Eocene; but the Permian terrace is everywhere sheeted 
over with a solitary stratum of the Trias. Somehow we cannot help 
thinking that the conglomerate has no business there, and that it ought 
to have been cut off at the base of the Vermilion Cliffs, or else it ought 
to be relegated to the Permian. In delineating the distribution of 
the formations by means of colors on the map, the ordinary practice 
would require us to extend the Trias to the brink of the Permian Cliffs, 
for in such delineations we only profess to show the surface exposures 
of the several groups; but this would confonnd the Permian terrace with 
the Trias, and obliterate the individuality of the former, whereas in the 
topography both are as distinct as land and water. To preserve this 
distinction the Shinarump is denoted by a special modification of the
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color, which is to be interpreted as meaning an arbitrary subdivision of 
the Trias.

The Permian beds consist of sandy clay-shales in very many thin beds 
and a few thin beds of impure limestone. They arc very striking on 
account of their dense, rich colors, which are sometimes also wonderfully 
delicate. They are belted in a surprising way. Horizontal streaks of 
chocolate, purple and red-brown are interstratifled with violet, lavender, 
and white. Perhaps the richest tone is the red-brown, which is almost 
exactly like the color of the fumes of nitrous acid. Lower in the series 
are layers of a very peculiar shade of Indian red, alternating with gray­ 
ish white. In the lower Trias and Permian the colors reach their climax. 
Surely no other region in the world, of which I have any knowledge, can 
exhibit anything comparable to it. Wonderfully even is the bedding. 
Thin layers may be traced for miles without showing any variation of 
thickness, <jolor, or texture. In the escarpments the weathering has 
etched out the harder layers, leaving a line of shadow in the places of 
the softer layers, and this greatly emphasizes the stratification and-gives 
it finer detail.

The Permian series is of considerable magnitude. In the western 
portion of the district its thickness is greater than elsewhere, reaching, 
probably, 1,400 feet, and possibly 1,600 feet, while in the vicinity of 
Kanab it is less than 1,000 feet. It gives rise to terminal cliffs, which 
in the northern part of the TJinkaret are from 800 to 1,000 feet high, 
while around Kanab their height seldom exceeds 500 or 600, and is often 
less than 300. But what they lack in magnitude they make up in refine . 
inent and beauty of detail and in sumptuous color. It is in the Permian 
that we find the most remarkable buttes. They are never large, but their 
resemblances to human architecture or works of design are often amaz­ 
ing. Very few Permian buttes are found in the Grand Canon district, 
but further eastward, especially in the neighborhood of the junction of 
the Grand and Green Rivers, they are innumerable and of such definite- 
ness that the geologist feels as if he were taxing the credulity of his 
hearers when he asks them to believe that they are the works of nature, 
alone, and not of some race of Titans.

At the foot of the Permian cliffs begins the Carboniferous platform of, 
the interior region of the Grand Canon district. It stretches southward 
without visible bound, an almost featureless plain. It terminates be­ 
yond1 the-Saii Francisco Mountains in the Anbrey Cliffs.
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CHAPTER IV.

THE GREAT DENUDATION.

Before leaving the terraces we may with advantage pause to contem­ 
plate the great lesson in geology which they lay open to us. The sub­ 
ject of the lesson is EROSION. In a preliminary way we examined the 
type of it in the San Rafael district, which was briefly treated of in the 
first chapter. The same fact confronts us again in the Grand Canon 
district. Here, however, the attendant facts are more complex, more 
difficult to grasp, and less easy to summarize. And vast as the erosion 
has been in the San Eafael it has been many times greater in the Grand 
Canon district. In this discussion three classes of facts will be utilized: 
1st, the stratification; 2d, the faults and flexures, or vertical displace­ 
ments ; 3d, the drainage. Each class furnishes its quota of evidence. 
Yet, so intimately are the several threads of argument interwoven, that 
it is almost impossible to separate them and view each independently 
of the others. Hence if the argument skips about from one to another 
before the one is fully developed, it is because no other method of treat­ 
ment seems practicable.

The geologist seeing the series of Mesozoic and Eocene strata sud­ 
denly terminating in the terraces in the faces of the clift's, would at 
once say that these strata formerly extended further southward. For 
he is ever mindful of the fact that in the lapse of long periods the rocks 
decay, and the rains and rills gather up the debris and carry it away. 
He also has had impressed upon his mind the general fact that the most 
rapid waste takes place on the edges of the strata exposed in vertical 
wall-faces. Every year the rains wash away something from the mural 
fronts. In a single year it may be a mere film, but in the lapse of thou­ 
sands of centuries the amount whittled off becomes a vast aggregate. 
Like the motion of the fixed stars the change is not perceptible to a 
generation; but a million years would change the aspect of a denuding 
country as profoundly as they would change the aspect of the heavens. 
How long in terms of years this "Recession of the Cliffs" has been going 
on, the geologist does not know, thongh he presumes the period to have 
been certainly hundreds of thousands of years and very probably some 
millions. Feeling assured, then, that the terraces once projected further 
south, the inquiry arises, how far? Let me answer at once. They ex­ 
tended southward over the entire Grand Canon district, into cen­ 
tral Arizona, where they ended along the shore of the ancient mainland

95
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from which their materials were in part derived. The distance of that 
shore-line, from the summit of the Pink Cliffs, is from 130 to 180 miles, 
and the width of the denuded district is from 120 to 140 miles. Prom 
the base of the Vermilion Cliffs the distance is 25 to 30 miles less. The 
area of maximum denudation is from 13,000 to 15,000 square miles, and 
the average thickness of the strata removed from it was about 10,000 
feet.

The general reader will uo doubt feel a strong aversion to such pro­ 
digious figures on their first presentation, and even the geologist whose 
credulity has been shocked so often that he has gotten used to it may 
wince once more. It is not from a love of the marvelous or dramatic; 
it is not without a full sense of the oppression of unaccustomed mag­ 
nitudes that these assertions are made. They are made because they 
follow inexorably from the facts, and because they are necessary conclu­ 
sions from clear premises. But, in order that the reader may not be 
obliged to carry a heavy burden of prejudice as he follows the various 
steps of the argument, it is well to anticipate some part of the discussion, 
and thus relieve him of a great part of the load at the outset, for it can 
be shown that the figures, while they are certainly very large, are in 
no respect abnormal, and in only one respect are they at all unusual.

Erosion, viewed in one way, is the supplement of the process by which 
strata are accumulated. The materials which constitute the stratified 
rocks were derived from the degradation of the land. This proposition 
is fundamental in geology—nay, it is the broadest and most comprehen­ 
sive proposition with which that science deals. It is to geology what 
the law of gravitation is to astronomy. We can conceive no other origin 
for the materials of the strata, and no other is needed, for this one is 
(sufficient and its verity a thousand times proven. Erosion and "sedi­ 
mentation" are the two half phases of one cycle of causation—the debit 
and credit sides of one system of transactions. The quantity of mate­ 
rial which the agents of erosion deal with is in the long run exactly 
the same as the quantity dealt with by^he agencies of deposition; or, 
rather, the materials thus spoken of are one and the same. If, then, we 
would know how great have been the quantities of material removed in 
any given geological age from the land by erosion, we have only to esti­ 
mate the mass of the strata deposited in that age. Constrained by this 
reasoning, the mind has no escape from the conclusion that the effects 
of erosion have indeed been vast. If, then, these operations have 
achieved such results, our wonder is transferred to the immensity of the 
periods of time required to accomplish them; for the processes are so 
slow that the span of a life-time seems too small to render those results 
directly visible. As we stand before the terrace cliffs and try to con­ 
ceive of them receding scores of miles by secular waste, we find the en­ 
deavor quite useless. There is, however, oneerror against which we must 
guard ourselves. We must not conceive of erosion as merely sapping the 
face of a straight serried wall a hundred miles long; the locus of the wall
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receding parallel to its former position at the rate of a foot or a few feet 
in a thousand years; the terrace back of its cre.st Ime remaining solid and 
uncut; the beds thus dissolving edgewise until after the lapse of millions 
of centuries their terminal cliffs stand a hundred miles or more back of 
their initial positions. The true story is told by the Triassic terrace 
ending in the Vermilion Cliff's. This terrace is literally sawed to pieces 
with canons. There are dozens of these chasms opening at intervals of 
two or three miles along the front of the escarpment and setting far 
ba_ck into its mass. Every one of them ramifies again and again until 
(hey become an intricate net-work, like the fibers of a leaf. Every canon 
wall, throughout its trnnk, branches, and twigs, and every alcov e and 
niche, becomes a dissolving face. Thus the lines and area of attack are 
enormously multiplied. The front wall of the terrace is cut into prom­ 
ontories and bays. The interlacing of branch canons back of the wall 
cuts off the promontories into detached buttes, and the buttes, attacked 
on all sides, rnolder away. The rate of recession therefore is corre­ 
spondingly accelerated in its total effect.

The largeness of the area presents really no difficulty. The forces 
which break up the rocks are of meteoric origin. The agency which car­ 
ries off' the de'bris is the water running in the drainage channels. Surely 
the meteoric forces "which ravage the rocks of a township may ravage 
equally the rocks of the county or state, provided only the conditions 
are uniform over the larger-and smaller areas. And what is the limit 
to the length of a stream, the number of its branches and rills, and to 
the quantity of water it may carryl It is not the area, then, which op­ 
presses us by its magnitude, but the vertical factor—the thickness of 
the mass removed. But upon closer inspection the aspect of this factor 
also will cease to be forbidding.

For if the rate of recession of a wall fifty feet high is one foot m a given 
number of years, what will be (ceter is panbus) the rate of recession in a wall 
a thousand feet high? Very plainly the rate will be the same.* If we 
suppose two walls of equal length, composed of the same kind of rocks, 
and situated under the same climate, but one of them much higher than 
the other, it is obvions that the areas of wall face will be proportional to 
their altitudes. In order that the rates of recession may be equal, the 
amount of material removed from the higher one must be double that 
removed from the other, and since the forces operating on the higher one 
have twice the area of attack, they ought to remove from it a double 
quantity, thus making the rates of recession equal. In the same way it

* The geologist \vill no doubt recognize that this is a simple and unqualified state­ 
ment of a result -which is in reality very complex, and sometimes requiring qualifica­ 
tion. But a candid review of it in the light of established laws governing erosion will, 
I am confident, justify it for all purposes here contemplated. Though some qualifying 
conditions will appear when the subject is analyzed thoroughly, they are of no appli­ 
cation to this particular stage of the argument. The statement is amply true for the 
proposition in hand, and it would be hardly practicable, and certainly very prolix, fo 
give lieie the full analysis of it 
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may be shown that the rate of recession is substantially independent of 
the magnitude of the cliff, whatever its altitude. Here a momentary 
digression is necessary.

We have hitherto spoken of the recession of cliffs as if it comprised 
the whole process of erosion, and have hardly alluded to the possible 
degradation of the flat surfaces of plateaus, terraces, and plains. Is it 
meant that there is no degradation of the horizontal surfaces, and that 
the waste of the land is wholly wrought by the decay of cliffs ? Approx­ 
imately that is the meaning, but some greater precision may be given to 
the statement.

Erosion is the result of two complex 'groups of processes The first 
group comprises those which accomplish the disintegration of the rocks, 
reducing them to fragments, pebbles, sand, and clay. The second com­ 
prises those processes which remove the de"bns and carry it away to 
another part of the world. The first is called disintegration; the second, 
transportation. We need not attempt to study these processes in all 
their scope and relations, but we may advert only to those considerations 
which are of immediate concern. When the debris produced by the dis­ 
integration of rocks is left to accumulate upon a flat surface it forms a 
protecting mantle to the rocks beneath, and the disintegration is greatly 
retarded, or even wholly stopped. In order that disintegration may go 
on rapidly the debris must be carried away as rapidly as it forms. But 
the efficiency of transportation depends upon the declivity. The greater 
the slope the greater the power of water to transport. When the slope 
is greater than 30° to 33° ("the angle of repose") loose matter cannot 
lie upon the rocks, and shoots down until it finds a resting place. Hence 
the greater the slope the more fully arc the rocks exposed to the disin­ 
tegrating forces, and the more rapidly do they decay. This relation is 
universal, applying to all countries, and explains how it comes about 
that the attack of erosion is highly effective against the cliffs and steep 
slopes, and has but a trifling effect upon flat surfaces.

Eeverting to the main argument, it now appears that erosion goes on 
by the decay and removal of material from cliffs and slopes; that the 
recession of high cliffs is as rapid as the recession of low ones, and that 
the quantity of material removed in a given time increases with the al­ 
titudes of the cliffs and slopes. In other words, the thickness of the 
strata removed in a given period of erosion should be proportional to the 
amount of relief in the profiles of the country. But in the Plateau 
country, and especially in the Grand Canon district, these reliefs are very 
great. It is a region of giant cliffs and profound canons, and, as will ul­ 
timately appear, it has beeu so during a very long stretch of geological 
time. The thickness of the strata removed from it is only proportional 
to the values of those conditions which favor rapid erosion. In the tore- 
going discussion it may appear that the area of denudation in the Grand 
Gaiion district, though large, and the thickness of the strata denuded,



UUTTOH ] THE GREAT DENUDATION. 99

though very great, are not so excessive as to impose such a heavy burden 
upon the credulity as the first announcement of the figures portended.

In drawing inferences from the stratification the geologist is obvi­ 
ously bound to presume that the strata cutoff in the terraces extended 
originally without a break until they reached some locality where the 
conditions of deposition failed. There are two, and only two, cases to 
be considered. The first case is that in which the extension is towards 
the shore line of the sea or lake in which the strata were deposited. At 
the shore line the strata, of course, end. In the present case no shore 
line could have existed south ward, between the terraces and the Aubrey 
Cliff's, beyond the San Francisco Mountains. This is quite certain. We 
know the country so well that if there had been such a shore line in this 
interval its traces would have been discovered. We are quite sure that 
no such traces exist. The second case arises when sediments gradually 
thin out seawards and either vanish entirely or become so thin that 
their bulk is only nominal. We have already noted that the strata in 
the terraces (p. 79) grow thinner irom west to east, and we know that 
the shore line of the marine basin, in which they were deposited, lay to 
the west and northwest. But here we are considering their extensions 
towards the south, and we already know that more than one hundred 
miles in that direction was another part of the shore line surrounding 
the basin trendingnorthwest and southeast. Supposing strata to atten­ 
uate as they recede from, and to thicken as they approach, their shore lines, 
the case we are considering would perhaps be about as follows. South­ 
ward as far as the Grand Canon, i. e., half way or thereabout between 
!,he terraces and the southern shore, there might be some slight reason 
for inferring a very little attenuation, but beyond the Grand Canon we 
might with equal reason infer a thickening. But this reasoning is ob­ 
viously precarious, since the attenuation of strata as they approach or 
recede from shore lines does not follow any rigorous law—does not con­ 
form to any definite proportion. The best aud apparently the only use 
we can make of it is rather of a negative character, leading us to infer 
merely that the stratification does not offer any reason for presuming 
that their original southward extensions were notably thinner than the 
portions preserved in the terraces\ But there is another class of facts 
which is somewhat more to the purpose.

Of the denuded formations, some outliers are preserved at a consid­ 
erable distance from the terraces. In the case of the Permian there is 
no doubt. The great Carboniferous platform of the Grand Canon district 
is spotted in many places with Permian remnants, though rarely is the 
whole series preserved. One important remnant shows very nearly the 
whole series—at Mount Logan, iu the Uinkaret Plateau, near the Grand 
Canon. A conspicuous knoll, called the Bed Butte, south of the Kaibab 
and about 30 miles from the San Francisco Mountains, also preserves a 
large part of the series, and innumerable patches of lower Permian beds 
are found on both sides of the great chasm. They show no attenuation
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whatever, and indeed the Mount Logan mass is one of the thickest expo­ 
sures of Permian beds thus far discovered. The former extension of 
this series over the entire district in full volume may therefore be re­ 
garded as proven. lu the cajse of the Trias the evidence is from this 
point of view not quite so clear. South of the Vermilion Cliffs two or 
three remnants of it have been seen. One lies in the Grand Wash, a 
lateral valley joining the Colorado from the north just where it issues 
from the lower end of the Grand Canon. Another has been recognized 
by Mr. Gilbert under the protection of lavas in the gigantic pile of 
San Francisco Mountain. But in neither of them is the entire Triassic 
series represented. These may be held to prove also the extension of 
the Trias over the entire district, and they give no sign of any attenua­ 
tion in the beds preserved. But of the Jura and Cretaceous not a soli­ 
tary outlier has yet been detected at any considerable distance from 
their principal terraces. As to these two later formations A\ e can only 
reason from general considerations. The Jura and Trias, wherever 
found, appear to be merely diiferent portions of one period of deposi­ 
tion ; the physical conditions attending the accumulation of both appear 
to have been almost identical. Nor have we any reason to doubt that 
the same considerations apply to the Cretaceous and Eocene.

Still more forcibly is the same conclusion presented to us when we 
come to the study of the faults and flexures. The Grand Canon district, 
the High Plateaus, and indeed the entire Plateau country, has been 
hoisted during Tertiary time far above the Sierra region lying west of 
it. At the western border of the plateaus are found gigantic faults 
where the strata have been sheared, and the country on the eastern 
side presents beds lying thousands of feet higher than the continua­ 
tions of the same strata on the western side of the faults. These faults 
have been studied, and the amounts of the displacements are very ap­ 
proximately known. Owing to the remarkably clear manner in which 
all the facts are displayed, we are able, theoretically, to restore the 
country to the position and configuration existing before these beds 
were faulted and flexed. In this treatise, only the results can be given. 
The discussion and treatment of the problem is too purely technical for 
popular explanation. This restoration, so far as it has progressed, shows, 
without reasonable doubt, that throughout Mesozoie time, and very 
probably during a part of Tertiary time, the Carboniferous and Permian 
strata of the Graud Canon district were horizontal and unbroken, the 
greatest possible discrepancies being very small. Thus another and im­ 
portant point is gained, for it supports the conclusion that the configu­ 
ration of the Mesozoie sea-bottom, as well as its relations to the adjoin­ 
ing coasts, was, in the middle and southern portions of the Grand Canon 
district, favorable to the reception of the same mass of sediments as we 
now find in the terraces of the High Plateaus.

The argument from the drainage system is, in principle, the same as 
that applied to the San Kafael Swell, though different in details. The
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Colorado River and its tributaries entering the Grand' Canon had their 
origin at the time the country emerged from the waters and became 
land. This was in early Tertiary time. The rivers then must have had 
their courses laid out in conformity with the very feeble slopes of the 
newly risen country and in conformity with the surfaces of the newest 
strata. In the progress of Tertiary time this surface, originally as level 
as the prairies of Illinois, or more so, began to deform by unequal up­ 
lifting; but the rivt rs remained unchanged, and some of them are flow­ 
ing to-day along the same routes as of old. Others have dried up, and 
the very strata which contained their troughs have been swept away. 
Those which remain occupy a very different relation to the strata fiom 
that which they held at first. The tributaries on the north side now 
run against the dips; those on the south side run with the dips, or nearly 
so. But the change has been in the attitudes of the strata and not in 
the positions of the rivers. And if we theoretically reconstruct the at­ 
titudes of the strata to conform to the courses of the drainage channels 
we reach a reconstruction exactly the same as that which we deduced 
from a restoration of the faults and flexures.

Thus the stratification, the outliers, the faults and flexures, and the 
drainage all yield their quotas of testimony to the great fact of denuda­ 
tion, and indicate that at some initial epoch the whole Mesozoic system 
and the lower Eocene once extended over the entire platform of the Grand 
Canon district, with a thickness varying somewhat, no doubt, but on the 
whole differing' but little, from that which we now find in the terraces of 
the High Plateaus. It is to be noted that the evidence of this former 
extension is more complete in the older formations than in the younger 
ones. In the case of the Permian it is quite perfect; in the case of the 
Trias very nearly so; in the case of the Jura it is very little less cogent 
than in that of the Trias; and in the Cretaceous practical certainty is 
exchanged for a very high degree of probability barely distinguishable 
from certainty. In the case of the Eocene there still remains a strong 
probability, but there is room for reservation. No reason to the con­ 
trary can be shown at present, and it may be regarded as one of those 
cases where "the tail goes with the hide"; but we cannot promise that 
future research will not develop reasons for a different conclusion. As 
the evidence now stands we are impelled to accept the full extension of 
the Eocene with some reservations, arising not from conflicting evidence, 
but from want of perfection in the evidence known to us.

BASE LEVELS OF EROSION.

In his popular narrative of Explorations of the Colorado River, Powell 
lias employed the above term to give precision to an idea which is of 
much importance in physical geology. The idea in some form or othei
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has, 110 doubt, occurred to many geologists, but, so far as known to me, 
it had not before received such definite treatment nor been so fully and 
justly emphasized. It may be explained as follows.

Whenever a smooth country lies at au altitude but little above the 
level of the sea, erosion proceeds at a rate so slow as to be merely nomi­ 
nal. The rivers cannot corrade their channels. Their declivities are 
very small, the velocities of their waters very feeble, and their trans­ 
porting power is so much reduced that they can do no more than urge 
along the detritus brought into their troughs from highlands around 
their margins. Their transporting power is just equal to the load they 
have to carry, and there is no surplus left to wear away their bottoms. 
All that erosion can now do is to slowly carry off the .soil formed 
on the slopes of mounds, banks, and hillocks, which faintly diversify 
the broad surrounding expanse. The erosion is at its base-level or very 
nearly so. An extreme case is the State of Florida. All regions are 
tending to base-levels of erosion, and if the time be long enough each 
region will, in its turn, approach nearer and nearer, and at last sensibly 
reach it. The approach, however, consists in an infinite series of ap­ 
proximations like the approach of a hyperbola to tangency with its 
asymptote. Thus far, however, there is the implied assumption that 
the region undergoes no change of altitude with reference to sea-level; 
that it is neither elevated nor depressed by subterranean forces. Many 
regions do remaiu without such vertical movements through a long 
succession of geological periods. But the greater portion of the exist­ 
ing land of the globe, so far as known, has been subject to repeated 
throes of elevation or depression. Such a change, if of notable amount, 
at length destroys the pre-existing relation of a region to its base-level of 
erosion. If it is depressed it becomes immediately an area of deposi­ 
tion. If it is elevated new energy is imparted to the agents aud ma­ 
chinery of erosion. The declivities of the streams are increased, giving 
an excess of transporting power which sweeps the channels clear of 
de~bns; corrasion begins; new topographical features are literally 
carved out of the land in high relief; long rapid slopes or cliffs are 
generated and vigorously attacked by the destroying agents; and the 
degradation of the country proceeds with energy.

It is not necessary that a base-level of erosion should lie at extremely 
low altitudes. Thus a large interior basin drained by a trunk river, 
across the lower portions of which a barrier is slowly rising, is a case 
in point. For a time the river is tasked to cut down its barrier as rap­ 
idly as it rises. This occasions slackwater in the courses above the 
barrier and stops corrasion, producing ultimately a local base-level. 
Another case is the Great Basin of Nevada. It has no outlet, because 
its streams sink in the sand or evaporate from salinas. Its valley bot­ 
toms are rather below base-level than above it. The general result of 
causes tending to bring a region to an approximate base-level of erosion 
is the obliteration of its inequalities.
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x During the progress of the great denudation of the Grand Canon Dis­ 
trict the indicatious are abundant that its interior spaces have occupied 
for a time the relation of an approximate base-level of erosion. Through­ 
out almost the entire stretch of Tertiary and Quaternary time the region 
has been rising, and in the aggregate the elevation has become immense, 
varying from 11,000 to 18,000 feet in different portions. Bnt it seems 
that the movement has not been at a uniform rate. It appears to have 
proceeded through alternations of activity and repose. Whether we can 
point to more than one period of quiescence may be somewhat doubtful, 
but we can point decisively to one. It occurred probably in late Miocene 
or early Pliocene time, and while it prevailed the great Carboniferous 
platform was denuded of most of its inequalities, and was planed down 
to a very flat expanse. Since that period the relation has been destroyed 
by a general upheaval of the entire region several thousands of feet. 
The indications of this will appear when we come to the study of the 
interior spaces of the Grand Canon District and of the Grand Canon 
itself. To this study we now proceed.



CHAPTER V.
TUE TOROWEAP AND UINKARET.

Tire present chapter will contain an account of a journey from the 
village Kanab to the Toroweap Valley, and a description of the middle 
portion of the Grand Canon-; also of the Umkaret Plateau. Kanab is the 
usual rallying place and base of operations of the survey in these parts, 
being located on the only living stream between the Virgen and the 
Paria.

The first stage of the journey from Kanab to Pipe Spring is an easy 
one. It leads southwestward to a gap cut through the low Permian 
terrace, and out into the open desert beyond. The road, well traveled 
and easy, then turns westward and at length reaches the spring twenty 
miles from Kanab. Pipe Spring is situated at the foot of the southern- ' 
most promontory of the Vermilion Cliffs, and is famous throughout 
Southern Utah as a watering place.. Its flow is copious and its water 
is the purest and best throughout that desolate region': Ten years ago 
the desert spaces outspreading to the southward were covered with 
abundant grasses, affording rich pasturage to horses and cattle. To­ 
day hardly a blade of grass is to be found within ten miles of the spring, 
unless upon the crags and mesas of the Vermilion Cliffs behind it. The 
horses aud cattle have disappeared, and the bones of many of the latter 
are bleached upon the plains in front of it. The cause of the failure of 
pasturage is twofold. There is little doubt that during the last ten or 
twelve years the climate of the surrounding country has grown more 
arid. The occasional summer showers which kept the grasses alive 
seldom come now, and through the long summer and autumn droughts 
tue grasses perished even to their roots before they had time to seed. 
All of them belong to varieties which reproduce from seed, and whose 
roots live but three or four years. Even if there had been no drought 
the feeding of cattle would have impoverished and perhaps wholly de­ 
stroyed the grass by cropping it clean before the seeds were mature, as 
has been the case very generally throughout Utah and Nevada.

Northeastward the Vermilion Cliffs extend in endless perspective to­ 
wards Kanab, and beyond to the Paria. Northwestward, with growing 
magnitude, they extend towards the Virgen, ever forming a mighty 
background to the picture. To the southward stretches the desert, 
blank, lifeless, and as expressionless as the sea. For five or six miles 
south of the Pipe Spring promontory there is a gentle descending slope, 
and thence onward the surface feebly ascends through a distance of 
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thirty miles to the brink of the Grand Canon. Thus the range of vision 
is wide, for we overlook a gentle depression of great extent. Though 
the general impression conveyed is that of a smooth or slightly modu­ 
lated country, yet we command a far greater expanse than would be 
possible among the prairies. To the southeastward the Kaibab looms 
up, seemingly at no great distance, and to the southwestward the flat 
roof of Mount Trumbull is more than a blue cloud in the horizon. To­ 
wards this latter mountain we take a straight course. The first few 
miles lie across drifting sands bare of all vegetation. The air is like a 
furnace, but so long as the water holds out the heat is not enervating 
;uid brings no lassitude. Everything is calm and still, except here and 
there a hot whirling blast which sends up a tall, slender column of dust 
diffusing itself in the air. At a slow pace the sand-hills at length are 
passed and we enter upon a hard, firm soil, over which we move more 
rapidly. Just here, and for three or four miles in either direction, the 
Permian terrace has been obliterated. It has been beveled off by erosion 
and buried beneath the wash brought down from the foot of the Vermilion 
Cliffs to the northward. But seven miles from Pipe Spring, the Per­ 
mian terrace springs up out of the earth, scarped by its characteristic 
cliff. Stretching northwestward it increases in altitude, becoming at last 
800 to 1,000 feet high. At its summit is seen the Shinarump conglom­ 
erate, of a pale brown color, and beneath are the gorgeous hues of the 
shales. Nothing can surpass the dense, rich, and almost cloying splen­ 
dor of the red-brown seen in these shales. They suggest the color of old 
mahogany, but are much more luminous and quite uniform. Under 
them are belts of chocolate, slate, lavender, pale Indian red, and white. 
Very wonderful, too, is the evenness of the bedding, which is brought 
out in great clearness and sharpness by the etching of minute layers of 
clays holding selenite. Between the shales and overlying conglomerate 
careful scrutiny enables us to detect tin unconformity by erosion with­ 
out any unconformity of dip. As stated in a preceding chapter, Mr. 
Wolcott fixed provisionally the separating horizon between the Permian 
and Trias at this unconformable contact.

Along the route the vegetation is scanty indeed. Several forms of 
cactus are seen looking very diseased and mangy, and remnants of low 
desert shrubs browsed to death by cattle. Yet strangely enough there 
is one plant and one alone that seems to flourish. It is I he common 
sunflower (Hehanthus lenticular is), found anywhere from Maine to Ari­ 
zona, and seeming indifferent to the vicissitudes of climate.

About IS miles from Pipe Spring the trail leads gently down into a 
broad shallow valley known as the Wild Baud Pockets. The drainage 
from the fronts of the Permian cliffs now far to the northward here col­ 
lects into a gtilch, which gradually deepens and becomes a tributary of 
Kanab Canon. In every stream-bed may be found many depressions 
which would hold water even though the sources of supply were cut off. 
This is as true of wet-weather channels as of perennial streams. After
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the infrequent showers, and after the surface waters have ceased to run, 
the bed of the stream will still retain pools of water, provided the bottom 
of it is of a consistency which will prevent it from filtering away. To 
these pools the people of the west have given the name of " water-pock­ 
ets." They are very common in the stream-beds which bear away the 
waskfroin the Permian and lower Triassic shales. These shales yield a 
veryfine impervious clay, whichforms an excellent "puddling" for water 
holes and basins. The Wild Band Pockets have received their name 
from the fact that they are the resort of bands of wild horses that roam 
over these deserts, far from human haunts, ranging from spring to spring, 
which they visit by stealth only at night, and never so long as they can 
find chance water in these and other pockets. Beyond the Wild Band 
Valley there is a slight ascent to a rocky platform, consisting of the 
summit beds of th*e Carboniferous. In the course of 20 miles we have 
crossed the entire Permian series, which now lies to the north of us. A 
few stunted cedars, most of which are dead or dying of drought, are 
scattered over this platform and give us until nightfall some slight 
shelter from the sun. It is as good a camping place as we are likely 
to find, and if we are fortunate enough to reach it after a copious shower, 
the hollows and basins in the flat rocks may contain a scanty supply of 
clear rain-water. It is a good locality, also, from which we may over­ 
look the outspreading desert, which is not without charms, however 
repulsive in most respects

To the northward rises the low escarpment of the Permian, forming a 
color picture which is somewhat indistinct through distance, but weird 
because of its strange colors and still stranger forms. Beyond and in 
the far distance rise the towering fronts of the Vermilion Cliffs, ablaze 
with red light from the sinking sun. To the eastward they stretch into 
illimitable distance, growing paler but more refined in color until the 
last visible promontory seems to merge its purple into the azure of the 
evening sky. Across the whole eastern quarter of the horizon stretches 
the long level summit of the Kaibab as straight and unbroken as the 
rim of the ocean. To the south westward rises the basaltic plateau of 
Mount Trumbull, now presenting itself with somewhat imposing propor­ 
tions. Around it a great multitude of basaltic cinder cones toss np 
their ominous black waves almost as high as Trumbull itself. Their 
tumultuous profiles and gloomy shades form a strong contrast with the 
rectilinear outlines and vivid colors of the region roundabout.

At dawn we move onward, reaching soon the summit of a hill which 
descends two or three hundred feet to a broad flat depression called the 
\V onsits Plain. It is a smooth and very barren expanse, dotted with a 
few moldenng buttes of Upper Carboniferous rocks, now wasted to 
their foundations. The plain is about seven miles in width, and on the 
further side rises a low mesa of great extent capped with basalt. It is 
the Uinkaret. Beyond the nearer throng of basaltic cones Mount Trum­ 
bull rises with a striking aspect dominating strongly the entire western
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landscape. The smaller cones are now seen to be very numerous, 
all of them are apparently perfect in form, as if time had wrought no 
great ravage among them. The lapilli and peperino with which they 
are covered, has become dull red by the oxidation of the iron, and this 
peculiar color is easily recognized though the CODBS are still far away. 
Just before reaching the basaltic mesa we must make our choice between 
two routes to the Toroweap, one direct, the other very circuitous. No 
spring is to be found until we reach the further side of Mount Trumbull, 
but we know of a large water-pocket on this side, which has never been 
known to dry up. The spring water is sure to be good, but the water 
in the pocket will depend for its quality upon the length of time which 
has passed since the last heavy rain. Let us here choose the shorter 
one, and go to the water-pocket.

Ascending the mesa which rises abruptly about 200 feet above the 
Wonsits Plain; we find ourselves at once upon the basalt. The ground 
is paved with cinders and fragments half buried in soil, the debris of 
decaying lava sheets. These sheets are rarely of aDy great thickuess, 
seldom exceeding 30 or 40 feet, and often much less, and none of the 
individual eruptions of lava seem to have covered any very great 
expanse. Probably the area covered by the largest would be less than 
a square mile. They show no perceptible differences in composition or 
texture, and all are basalts of the most typical variety — very black and 
ferruginous in the unweathered specimens and speckled with abundant 
olivine. At the time of eruption they appear to have beeu in a state of 
perfect liquidity, spreading out very thin and flowing rapidly and with 
ease. In none of them has-erosion wrought much havoc, though here 
and there some local destruction has been effected, most conspicuously 
upon the edges of the principal mesa where the sheets have been under­ 
mined and their fragments scattered upon the plain below. The cones, 
which stand thick around us, are still in good preservation. They are 
of ordinary composition — mere piles of cinders thrown out of central 
vents and dropping around it. The fume and froth of the lava surfaces, 
the spongy inflated blocks, the lapilli and peperino, are not greatly 
changed, though all of them here show the oxidation of the iron. We 
wonder what their age may be ; what time has elapsed since they vom­ 
ited fire and steam. But there is no clew — no natural record by which 
such events can be calendared. Historically they have doubtless stood 
in perfect repose for very many centuries. E"ot a trace of activity of any 
kind is visible, and they are as perfectly quiescent as the dead volcanoes 
of the Auvergne or of Scotland. Geologically, they are extremely recent ; 
yet even here where historic antiquity merges into geologic recency the 
one gives us no measure of the other.

Following a course which winds among the silent cones and. over 
rough, flat surfaces of lava beds half buried in drifting sands, we at 
length reach the border of a slight depression, into which we descend. 
It is hardly noteworthy as a valley just here, and might be confounded
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with any one of the innumerable shallow-water courses which occm 
round about; only when we look beyond we see it growing broader and 
mnch deeper. It is the head of the Toroweap. Upon its smooth bottom 
is a soft clayey soil, in which desert shrubs and stunted sage-brush grow 
in some abundance. Here and there a cedar, dwarfed indeed, but yet 
alive, displays a welcome green, and upon the valley slopes are a few 
sprays of grass. The valley bottom descends at a noticeable rate to the 
southward, and as we pnt the miles behind us we find the banks on 
either side rising in height, becoming steeper, and at last displaying 
rocky ledges. In the course of six or seven miles the left side has be­ 
come a wall 700 feet high, while the other side, somewhat lower, is much 
broken and craggy. Hnge piles of basalt lie upon the mesa beyond, 
sheet upon sheet, culminating in a cluster of large cones. At length 
the course of the valley slightly deflects to the left, and as we clear a, 
shoulder of the eastern wall, which has hitherto masked its continuation, 
a grand vista breaks upon the sight. The valley stretches away to the 
southward, ever expanding in width; the walls on either side increase 
in altitude, and assume profiles of wonderful grace and nobility. Far 
in the distance they betoken a majesty and grandeur quite unlike any­ 
thing hitherto seen. With vast proportions are combined simplicity, 
sj'mmetry, and grace, and an architectural effect as precise and definite 
as any to be found in the terraces. And yet these walls differ in style 
from the Trias and Jura as much as the Trias and Jura differ from each 
other. In the background the vista terminates at a mighty palisade, 
stretching directly across the axis of vision. Though more than 20 miles 
distant it reveals to us suggestions of grandeur which awaken feelings 
of awe. We know instinctively that it is a portion of the wall of the 
Grand Caiion.

The western side of the valley is here broken down into a long slope 
descending from the cones clustered around the base of Mount Trum- 
bnll, and covered with broad flows of basalt. Turning out of the 
valley we ascend the lava bed, which has a very moderate slope, and 
abont a mile from the valley we find the Witches' Water Pocket. In 
every desert the watering places aic memorable, and this one is no ex­ 
ception. It is a weird spot. Around it are the desolate Phlegrsean 
fields, where jagged masses of black lava still protrude through rusty, 
decaying cinders. Patches of soil, thin and coarse, sn&tam groves of 
cedar and pinon. Beyond and above are groups of cones, looking as 
if they might at any day break forth in renewed eruption, and over all 
rises the tabular mass of Mount Trumbull. Upon its summit are seen 
the yellow pines (P. ponderosa), betokening a cooler and a moister 
clime. The pool itself might well be deemed the abode of witches. A 
channel half-a-dozen yards deep and twice as wide, has been scoured in 
the basalt by spasmodic streams, which run during the vernal rams. 
Such a stream cascading into it has worn out of the solid lava a pool 
twenty feet long, nearly as wide, and five or six feet deep. Every flood
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FIG. 7.—The Witches' Water Pocket.

fills it with water, which is good enough when recent, but horrible when 
old. Here, then, we camp for the night.

Filling the kegs at daylight, we descend again into the Toroweap 
and move southward. Our attention is strongly attracted by the wall 
upon the eastern side. Steadily it increases its mass and proportions. 
Soon it becomes evident that its profile is remarkably constant. We 
did not notice this at first, for we saw in the upper valley only the sum­ 
mit of the palisade; but as the valley cuts deeper in the earth the plan 
and system begin to unfold. At the summit is a vertical ledge, next 
beneath a long Mansard slope, then a broad plinth, and last, and greater 
than all, a long, sweeping curve, descending gracefully to the plain be­ 
low. Just opposite to us the pediments seem half buried, or rather half 
risen out of the valley alluvium. But beyond they rise higher and 
higher until in the far distance the profile is complete. In this escarp­ 
ment are excavated alcoves with openings a mile wide. As soon as we 
reach the first one new features appear. The upper ledge suddenly 
breaks out into a wealth of pinnacles and statues standing in thick ranks. 
They must be from 100 to 250 feet high, but now the height of the wall 
is more than a thousand feet, and they do not seem colossal. Indeed,
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they look like a mere band of intricate fretwork—a line of balustrade 
on the summit of a noble fa9ade. Between the alcoves the projecting 
pediments present gable-eiids towards the valley plain. Yet whitherso­ 
ever the curtain wall extends the same profile greets the eyes. The 
architect has adhered to his design as consistently and persistently as 
the builders of the Thebaid or of the Acropolis. As we pass alcove 
after alcove, and pediment after pediment, they grow loftier, wider and 
deeper, and their decoration becomes more ornate. At length we pass 
one which is vast indeed. It is recessed back from the main front three- 
fourths of a mile, and shows three sides of an oblong room with walls 
3,800 feet in height. The fourth side is obliterated and the space opens 
into the broad valley. Wonderfully rich and profuse are the pinnacles 
and statues along the upper friezes. The fancy is kindled as the eye 
wanders through the inclosure.

We look across the valley, which is here three miles in width, and 
behold the other wall, which presents an aspect wholly different, but qui te 
as interesting. The western wall of the Toroweap is here lower than the 
eastern, but still is more than a thousand feet high. The geologist soon 
surmises that along the valley bottom runs a fault which drops the 
country on the west several hundred feet, and the conjecture soon 
becomes certainty. Above and beyond the western escarpment is the 
platform of the Umkaret Plateau. Upon its summit is a throng of large 
basaltic cones in perfect preservation. Streams of lava larger than any 
hitherto seen have poured from their vents, flooding many a square 
mile of mesa land, and in the wide alcoves they have reached the brink 
of the wall and cascaded over it. Still pouring down the long taluses 
they have reached the valley bottom below aud spread out in wide fields, 
disappearing underneath the clayey alluvium, which has buried much of 
their lower portions. The appearance of these old lava cascades, a mile 
or more wide, a thousand feet high, and black as Erebus, is staking in 
the extreme. There are five of these basaltic cataracts, each consist­ 
ing of many individual coulees. Between them the bold pediments of 
brightly-colored Carboniferous strata jut out into the valley.

At length we approach the lower end of the Toroweap. The scenery 
here becomes colossal. Its magnitude is by no means its most impress­ 
ive feature, but precision of the forms. The dominant idea ever before 
the mind is the architecture displayed in the profiles. It is hard to 
realize that this is the work of the blind forces of nature. We feel like 
mere insects crawling along the street of city flanked with immense 
temples, or as Lemuel Gulliver might have felt in revisiting the capital 
of Brobdingnag, and finding it deserted. At the foot of the valley the 
western wall is nearly 1,500 feet high, the eastern about 2,000, and the 
interval separating them is about three miles. Suddenly they turn at 
right angles to right and left, and become the upper wall of the Grand 
Canon of the Colorado. The Toroweap now opens into the main pas­ 
sageway of the great chastu. The view, however, is much obstructed.
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PANORAMA FROM MOUNT TRUMBULL. 

Upper view looking East, with the Grand Canon in the distance. Lower view looking down the Toroweap.
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Flo. 8.—The brink of the Inner Gorge at the foot of the Toroweap, looking east.

At the foot of the eastern gable is a medley of rocky ledges of reel 
sandstone, while around the base of the western gable are large, masses 
of basalt reaching more than half-way across the valley. In front rises 
a crater, which is about 600 feet high, seemingly a mere knoll in the 
midst of this colossal scenery. Beyond it, and five miles distant, rises 
the palisade which forms the southern upper wall of the chasm, stretching 
athwart the line of vision interminably in either direction. Its altitude 
is apparently the same as that of the palisade above us, and its profile 
is also identical. Climbing among the rocky ledges which lie at the 
base of the escarpment, we at length obtain a stand-point which enables 
us to gain a preliminary view of the mighty avenue. To the eastward 
it stretches in vanishing perspective forty miles or more. Between sym­ 
metric walls 2.000 feet high and five miles apart is a plain, which iu
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comparison with its limiting cliffs might be regarded as smooth, but 
which in reality is diversified by rocky hnmmocks and basins, and by 
hillocks where patches of soil give life to scattered cedars and pinons. 
Of the inner chasm nothing as yet is to be seen. Moving outward into 
this platform we find its surface to be mostly bare rock, with broad shal­ 
low basins etched in them, which hold water after the showers. There 
are thousands of these pools, and when the showers have passed they 
gleam and glitter in the sun like innumerable mirrors. As we move 
outward towards the center of the grand avenue the immensity and 
beautiful proportions of the walls develop. The vista towards the east 
lengthens out and vanishes against the blue ramp of the Kaibab, which 
lies as a cloud upon the horizon. To the west the view is less symmet­ 
ric and regular, and the eye wanders vaguely among cliffs and buttes 
of stupendous magnitude, displaying everywhere the profile with which 
we have become of late familiar. Much of the distance towards the 
west is obstructed by the crater, bnt the portions in view bewilder us by 
the great number of objects presented, and oppress us by their magni­ 
tudes. At a distance of about two miles Irom the base of the northern 
wall we come suddenly upon the inner chasm. We are not conscious of 
its proximity until we are within a few yards of it. In less than a min­ 
ute after we have recognized the crest of the farther wall of this abyss 
we crane over its terrible brink and gaze upon the waters of the river 
full 3,000 feet below.

The scene before us is a type of the Grand Canon throughout those por­ 
tions which extend through the Kanab, Umkaret, and Sheavwits Plateaus. 
The plan and section here presented are quite simple. They consist of 
a broad upper chasm from five to six miles iu width with walls varying 
m altitude but little from 2,000 feet. Between these escarpments is a 
rocky plain, rough indeed, but in the overpowering presence of such 
walls seeming relatively smooth and uniform. In this floor is cnt the 
inner chasm 3,000 feet deep and from 3,500 to 4,000 feet wide from crest 
to crest. The true profile will be best understood by consulting the dia­ 
gram, Fig. 10, which is drawn to scale. The strata in which the chasm is 
excavated are all of Carboniferous age excepting three or four hundred 
feet at the bottom of the gorge. The strata beneath the Carboniferous 
are at present believed to be Lower Silurian, and their contact with the 
Carboniferous is unconformable, both by dip and by erosion. In the up­ 
per part of the palisades which form the wall of the upper chasm we 
find at the summit two series of limestones. The upper contains an 
abundance of siliceous matter, one portion of-which is intimately dis­ 
seminated through the mass while another portion is aggregated into 
myriads of cherty nodules varying from two to ten inches in diameter. 
The lower one is a purer limestone with few nodules. The cherty mem­ 
bers form a nearly vertical band at the summit of the wall; the purer 
members form a Mansard slope beneath, covered with talus. The total 
thickness of the limestones is about 700 to 750 feet. Beneath them come
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FIG. 9.—The brink of the Inner Gorge at the foot of the Toroweap, looking west.

sandstones a little more than 250 feet thick, which form everywhere a 
vertical plinth or frieze. They are very adamantine in texture, and one 
of the members, about 160 feet thick, is in every exposure seen to be 
uniformly cross-bedded. Under the cross-bedded sandstone is a mass 
of thinly bedded and almost shaly sandstones, having" an aggregate 
thickuess very closely approximating to 1,000 feet. They are of an in­ 
tensely brilliant red color, but are, in greatest part, cove'red with a 
heavy talus of imperishable cherty nodules, fragments of the cross- 
bedded sandstones, and spalls of limestone shot down from above. The 
color of these is pale gray, with occasionally a yellowish or .creamy tinge. 

8 G A
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The brilliant red sandstones form the long curved slope which descends 
from the plinth of cross-bedded sandstone to the plain below.

The walls of the inner gorge have at the summit about 325 feet of hard 
sandstone of a brown red color. Beneath the sandstone are about 1,800 
feet of impure limestone in layers of tire most massive description. Very 
few such ponderous beds of limestone are found g ** 
in any part of the world. The color is deep ^ 
red with a purplish tone, but the brilliancy £| 
of the coloring is notably weakened by weath- _**! 
ering. Still lower are red-brown sandstones ?§ 
agaiuhaving a dark and strongshade andlying g& 
in very massive beds. The strata forming the £§" 
walls of the outer chasm from the summit to a® 
the plain below are designated the Aubrey §•* 
group, and this is again subdivided at the base «.| 
of the cross bedded plinth into Upper and | £ I 
Lower Aubrey groups. The two subdivisions ml? 
are believed to be the equivalents, in age, of g& 
the Coal Measures of Pennsylvania and Eng- | o 
land. The strata disclosed in the inner gorge S? 
correspond in age to the Lower Carboniferous g H 
of those countries, and are here termed the g |
Eed Wall group. Some uncertainty exists ^| 
regarding the beds which lie at the base of |<i 
the conformable series deep down in the chasm, gjf 
but they are regarded at present as being just g „ 
what they seem and just what they would nat- |<3 
urally be inferred to be—a part of the Car- §| 
boniferous system. Of the strata at the bot- lt>

ffl fj

torn of the canon, we shall have more to say g1'"S 
hereafter. They are regarded at present as |-
being of Lower Silurian or Primordial age. g'j-i

The observer who, unfamiliar with plateau g |
scenery, stands for the first time upon the S>
brink of the inner gorge, is almost sure to $%

G> 0>

view his surroundings with commingled feel. B- 
ings of disappointment and perplexity. The f™

Wfame of the chasm of the Colorado is great; bnt & 
so indefinite and meager have been the descriptions of it that the imagina­ 
tion is left to its own devices in framing a mental conception of it. And 
such subjective pictures are of course wide of the truth. When he first 
visits it the preconceived notion is at once dissipated and the mind is 
slow to receive a new one. The creations of his own fancy no doubt are 
clothed with a vague grandeur and beauty, but not with the grandeur and 
beauty of nature. When the reality is before him the impression bears 
some analogy to that produced upon the visitor who for the first time
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enters St. Peter's Church at Borne. He expected to be profoundly awe. 
struck by the unexampled dimensions, and to feel exalted by the beauty 
of its proportions and decoration. He forgets that the human mind itself 
is of small capacity and receives its impressions slowly, by labored pro­ 
cesses of comparison. So, too, at the brink of the chasm, there comes 
at first a feeling of disappointment; it does not seem so grand as we 
expected. At length we strive to make comparisons. The river is 
clearly defined below, but it looks about large enough to turn a village 
grist-mill; yet we know it is a stream three or four hundred feet wide 
Its surface looks as motionless as a lake seen from a distant mountain- 
top. We know it is a rushing torrent. 1?he ear is strained to hear the 
roar of its waters and catches it faintly at intervals as the eddying 
breezes waft it upwards; but the sound seems exhausted by the distance. 
We perceive dimly a mottling of light and shadow upon the surface of 
the stream, and the flecks move with a barely perceptible cloud-like 
motion. They are the fields of white foam lashed up at the foot of some 
cataract and sailing swiftly onward.

Perhaps the first notion of the reality is gained when we look across 
the abyss to the opposite crest-line. It seems as if a strong, nervous 
arm could hurl a stone against the opposing wall-face; but in a moment 
we catch sight of vegetation growing upon the very brink. There are 
trees in scattered groves which we might at first have mistaken for sage 
or desert furze. Here at length we have a stadium or standard of com­ 
parison which serves for the mind much the same purpose as a man 
standing at the base of one of the sequoias of the Manposa grove. And 
now the real magnitudes begin to unfold themselves, and as the atten­ 
tion is held firmly the mind grows restive under the increasing burden. 
Every time the eye ranges up or down its face it seems more distant 
and more vast. At length we recoil, overburdened with the perceptions 
already attained and yet half vexed at the inadequacy of our faculties 
to comprehend more.

The magnitude of the chasm, however, is by no means the most im­ 
pressive element of its character; nor is the inner gorge the most im­ 
pressive of its constituent parts. The thoughtful mind is far more deeply 
moved by the splendor and grace of Nature's architecture. Forms so 
new to the culture of civilized races and so strongly contrasted with those 
which have been the ideals of thirty generations of white men .cannot 
indeed be appreciated after the study of a single hour or day. The first 
conception of them may not be a pleasing one. They may seem merely 
abnormal, curious, and even grotesque. But he who fancies that Nature 
has exhausted her wealth of beauty in other lands strangely underesti­ 
mates her versatility and power. In this far-off desert are forms which 
surprise us by their unaccustomed character. We find at first no place 
for them in the range of our conventional notions. But as they become 
familiar we find them appealing to the aesthetic sense as powerfully as 
any scenery that ever invited the pencil of Claude or of Turner.
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The inner gorge, as we sit upon its brink, is indeed a mighty spectacle; 
but as we withdraw a little, it fades out of view, and, strangely enough, 
the sublimity of the scene is not very greatly impaired. It is, after all, 
a mere detail, and the outer chasm is the all-engrossing feature. Ou 
either side its palisades stretch away to the horizon. Their fronts wander 
in and out, here throwing out a gable, there receding into a chamber, or 
gaping widely to admit the entrance of a lateral chasm. The profile is 
ever the same. It has nothing in common with the formless, chaotic 
crags, which are only big and rough, bub is definite, graceful, architect­ 
ural, and systematic. The width of the space inclosed between the 
upper walls is one of the most essential elements of the grandeur It 
varies from five to six miles. If it were narrower the effect would be 
impaired; nor could it be much wider without diluting and weakening 
the general effect. This proportion seems quite just. It is a common 
notion that the distinctive and overruling feature of the great chasm is 
its narrowness relatively to its depth. Ko greater mistake could be 
made. Our highest conception^ of grandeur are most fully realized 
when we can see the greatest mass. We must have amplitude in all of 
the three dimensions, distance, breadth, and depth, and that spectacle is 
in point of magnitude the grandest which has the three dimensions so pro­ 
portioned and combined as to make the most of them. Another common 
and mistaken idea is that the chasm is pervaded by a deep, solemn gloom. 
The truth is almost the reverse. In the depths of the inner gorge there 
is a suggestion of gloom, but even in the narrower portions there is 
seldom less than sixty degrees of sky from crest to crest, and a hundred 
and sixty along the track of the river. In the outer chasm the scene is 
unusually bright. The upper half of the palisades have a pale, ashy, 
or pearl-gray color, which is very lustrous, and this sometimes gives place 
to a creamyor Naples yellow tint in the frieze of cross-bedded sand­ 
stone. The Lower Aubrey sandstones are bright red, but they are iu 
great part masked by the talus shot down from the pale gray limestones 
above, and peep out in lustrous spots where the curtain of the talus is 
drawn aside. There is nothing gloomy about such colors. Under a 
burning sun that is rarely clouded they have a brilliancy seldom seen 
in any rocks, and only surpassed by the sugary whiteness of the Jurassic 
sandstone or the brilliant red of the Vermilion Cliffs.

Direotly in the southward prolongation of the axis of the Toroweap 
Valley there stands a basaltic cinder-cone immediately upon the brink 
of the inner gorge. Its altitude above the surrounding plain is 580 
feet. The summit is readily gained, and it is an admirable stand-point 
from which the entire panorama may be viewed. We named it Vulcan's 
Throne. To the eastward about forty miles of the main chasm are 
well in view. The altitude of the cone, though small in comparison 
with surrounding objects, is sufficient to bring into view about twelve 
miles of the opening of the inner gorge, while in the foreground its 
depths are seen. f To the westward the scenery is much more broken and
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diversified The chasm is seen thiough the entire stretch in the Um- 
karet Plateau and reaching a few miles into the Sheavwits. But about 
twenty miles westward it makes a southward turn and disappears. 
From the north the Toroweap Valley descends from near Mount Trum- 
bull. It is cut down only to the base of the upper canon wall and 
opens into the main chasm on the level of the plain above the inner 
gorge. There is reason to believe that at some prior epoch it was cut 
a few hundred feet deeper than its present floor, and was subsequently 
built up by many floods of basalt coming from the cones on the TTmkaret 
and by considerable quantities of alluvium washed from its cliffs and 
overlooking mesas. On the south side of the Grand Caiion is a valley 
quite the counterpart of the Toroweap. It enters the main chasm directly 
opposite to the Toroweap, so that the two form the arms of a transept, 
the main chasm being regarded as the nave. Vulcan's Throne is situ­ 
ated almost exactly at the intersection of the axes of nave and transept.

It would be difficult to find anywhere else in the world a spot yield­ 
ing so much subject-matter for the contemplation of the geologist; 
certainly there is none situated in the midst of such dramatic and 
inspiring surroundings. The chasm itself, with its marvelous story ot 
erosion, and the two lateral valleys adding their quotas of information 
are grand subjects indeed; but other themes are disclosed which are 
scarcely less surprising and suggestive. The cone stands immediately 
upon the hue of a large fault. And never was a fault and its conse­ 
quences more clearly displayed. The Toroweap fault is one of six 
which at wide intervals traverse the Grand Canon district from north 
to south with a rude approximation to parallelism. It is the smallest 
of the six. Twenty miles north of the chasm no trace of it is visible. Its 
beginning there is small, but as it approaches the chasm it increases in 
the amount of displacement; and at the crossing of the river the shear 
or "throw" is between 600 and 700 feet. In the wall-face of the inner 
gorge it is disclosed as clearly as a draughtsman could delineate it on 
paper. The masses of horizontal limestones atid sandstones, displaying 
their fretted edges and lines of bedding, advance from the eastward 'in 
the face of the wall until they reach the vertical fault plane. Then 
they "break joints" and drop at once six or seven hundred feet, and 
continue westward as before, but at a lower level. The whole topog­ 
raphy goes with it. Looking beyond to the upper wall of the outer 
chasm the "jog" where the break occurs is plainly seen. - The whole 
platform of the country is dropped to the westward. The plain between 
the upper palisades descends by a single step from east to west across 
the fault by an amount equal to the displacement, and the inner gorge 
and the whole chasm becomes by so much reduced in depth.

Excepting the dislocation itself, the faulting does not appear to have 
been accompanied by any injury to the strata. Not a trace of shat­ 
tering, crumbling, or mashing of the beds is discernible. All looks as 
clean and sharp as if it had been cut with a thin saw and the smooth
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faces pressed neatly together. But tbe only attainable view of it is 
from the distance of a mile. Yet miles here are less than furlongs in 
other countries, and all details as well as broader features are upon the 
Brobdingnagian scale. What a nearer view might disclose is of course 
impossible to conjecture. The plane of the fault is about vertical, though 
there seems to be a slight inclination to the east, which may be apparent 
only and a result of perspective.

After a careful study of the surroundings of the fault, it becomes 
apparent that it is of recent occurrence in comparison with other events 
which have been in progress here. The tenor of all evidence bearing * 
upon the subject goes to show that these faults were not suddenly pro­ 
duced by violent convulsions, but gradually developed through long 
stretches of time, and inch by inch or foot by foot. The Toroweap fault 
gives no evidence of being exceptional in this respect. Its recency is 
disclosed by many facts. It is seen that the amount of erosion in the 
face of the transverse "cliff of displacement" produced by the faulting 
is very small. This cliff has not receded from the fault plane to any con­ 
siderable extent. Yet the giant palisades which wall the outer chasm 
have receded from the median line of the canon more than two miles since 
the corrasion of the river laid bare the edges of their strata. It seems 
very plain that the outer chasm had been formed and attained very 
nearly its present condition before the fault started. But there is still 
more conclusive evidence of recency. At the foot of the southern pali­ 
sade and at the jaws of the lateral valley are several basaltic craters. 
They look like mere bee-hives under the eaves of such an escarpment, 
though in truth they are four or five hundred feet high. From their 
vents streams of basalt are seen flowing down into the lateral valley 
across the fault plane, and clear to the brink of the inner abyss. The 
fault shears the lava floods as neatly as it does the Bed Wall limestone.* 
Many other facts might be cited to the same purport, but this one is 
so conclusive that nothing further is necessary. We shall find similar 
evidences of recency when we come to the study of the great Hurricane 
fault.

Another subject which will awaken the enthusiasm of the geologist 
who visits this unique spot is the volcanic phenomena. Turning to the 
northwestward he beholds the heights of the Uinkaret. Upon its broad 
expanse stand many basaltic craters in perfect preservation. We know 
of about a hundred and fifty distinct cones in this plateau, included in 
the space which lies between the Grand Canon and a limit forty miles 
north of it. But it is in the vicinity of the chasm that they cluster most 
thickly together and present the largest proportions. This part of the 
Uinkaret is thickly covered with basalt, above which rises the tumultu-

* It seemed to me, so far as could bo judged from a distance, that a part of the fault­ 
ing had been accomplished before the lava outflowed. The main fa ct, however, is clear 
that most of the faulting took place after the eruption, and of course settles the question 
of relative age or recency.
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ous throng of craters. Very ipany wide and deep floods of basalt have 
poured over the edge of the plateau into the lower Toroweap Yalley 
and upon the great esplanade of the canon, 1,500 to 1,800 feet below, 
and, spreading out into wide fields, have reached the brink of the inner 
gorge. Pouring over its brink, the fiery cascades have shot down, into 
the abyss and pursued their way many miles along the bed of the river. 
At one epoch they had built up the bed of the Colorado about 400 feet, 
but the river has scoured out its channel again and swept them all 
away, regaining its old level, and is now cutting the sandstones below. 
The spectacle of the lava floods descending from the TTinkaret, as seen 
from Vulcan's Throne, is most imposing. It tells the story so plainly 
that a child could read and understand it. Compared with many classic 
volcanic regions the volcanism of the Uinkaret is a small affair. In 
those classic regions the mind does not come into direct contact with 
the enormity of the facts by a single glance of the eye. But here, if 
kind Asmodeus were to lift the basaltic roof of the plateau, we should 
see no more than we do now. The boldness of the picture is much in­ 
creased by the pediments of Carboniferous strata projecting from the 
body of the plateau, showing the brilliant colors of the strata and their 
sharply-defined architecture, with the dark ma>sses of basalt wrapping 
around them. -Hard by, and almost within hail, is a superb gable pro­ 
jecting between two broad floods of lava, and so beautifully proportioned 
and richly colored that we cannot help wishing to transport it by magic 
to some more habitable region.

. The Toroweap Valley has a significance to the geologist which might 
not be at once apparent to the tourist. Even the geologist would be 
slow to discern it unless familiar with cognate facts displayed in the 
country at large bordering the Grand Canon. In the effort to interpret 
its meaning it becomes necessary to take a hasty view of one or two broad 
facts relating to the lateral drainage of the chasm. Upon the north side, 
in all the distance between the head of the Marble and the foot of the 
Grand Canons, there is but one side canon carrying drainage from dis­ 
tant regions. This single exception is Kanab Canon. In this respect the 
Colorado is much like the lower courses of the Mle; and the cause is 
plainly the same. The region is too arid to sustain any living streams or 
even to keep open the conduits which in former periods might have sus­ 
tained them. Yet upon the assumption that at some former period the 
climate was much more humid all analogy compels us to believe that 
the Colorado once received many tributaries which are now extinct, and 
upon examination we find good evidence that this was really the case. 
The Toroweap Valley is the modified channel of an ancient river. On 
the west side of the Uinkaret is another. A third is seen upon the 
south side of the Colorado, directly opposite the Toroweap ; and a few 
others may be easily designated. It appears that all these rivers dried 
up before the inner gorge was excavated. For if they had continued to 
carry water we may be sure that they would have cut their chasms as
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deep as the Grand CaEon itself—just as the Little Colorado, Kanab 
Creek, and Cataract Creek have done. For we have only to look at the 
great multitude of lateral chasms of the upper courses of the Colorado 
and of its forks, the Grand and Green, to be deeply impre'ssed with the 
fact that so long as a tributary river carries, we will not say a living 
stream, but even occasional floods, its channel will be scoured down to 
the same level as the trunk river itself. It is apparent, then, that the 
Toroweap dried up before the cutting of the inner gorge of the Grand 
Canon began, and hence we infer that the arid climate which caused it 
to dry up existed before the beginning of the inner gorge.

By the application of other homologous facts, and by the same method 
of reasoning, we infer that the outer chasm has also been excavated dur­ 
ing the prevalence of an arid climate. The platform of country adjoin­ 
ing the canon is at present devoid.of lateral chasms, yet traces are 
often found of ancient channels which became dry at about the time the 
excavation of the outer canon began, or very soon thereafter. They are 
cut to comparatively slight depths—from one hundred to three or four 
hundred feet. That they are not of recent origin is proved by the fact 
that they often have slopes away from the river, though it is clear that 
they formerly sloped towards it. In truth, the entire chasm betrays 
everywhere the continued action of an arid climate through the entire 
period of its formation. This arid period is limited, -approximately, to 
Pliocene and Quaternary time. The general tenor of the facts is to the 
effect that the Miocene was a humid period and the Pliocene a dry one 
throughout the greater part of the West. This is one of the reasons 
which lead us to the very probable conclusion that the age of the Grand 
Canon is not older than the beginning of Pliocene time. We might also 
draw a similar inference from a consideration of the enormous erosion 
which took place here before the excavation of the chasm was begun. 
The denudation of the Mesozoic system was an incomparably greater 
work, and yet that denudation could not have begun until the last 
strata (the Lower Eocene) were deposited. If these inferences are well 
founded, we may assign the greater part of Eocene and the whole of 
Miocene time for the principal denudation of the Mesozpic, and the Plio­ 
cene and Quaternary for the excavation of the entire canon. The pro­ 
portion thus suggested between the portions of the work done and the 
divisions of time required to accomplish- them seems very fair and rea­ 
sonable. But the strongest evidence of all it would be almost impos­ 
sible to recite here in detail. In general terms, it may be characterized 
as that internal evidence which appears when a vast array of facts, at 
first disjointed and without obvious relation, are subsequently grouped 
aright into a coherent system. Each constituent fact is then seen to 
admit of one intelligible interpretation and no other; and each sub­ 
sidiary proposition has an overwhelming justification and an evidence 
of verity far stronger than any which could be summoned if we en­ 
deavored to prove it independently.
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Another question which the geologist asks here is, how happens it that 
the outer cbasm is so broad while the inner one is so narrow? The 
outer chasm is five to six miles wide aud 2,000 feet deep; the inner is 
about 3,500 feet wide and 3,000 feet deep. The disparity is great. We 
have seen enough to say at once that the widening of the outer chasm 
was effected by the recession of its cliffs. If the corrasion of the canon 
went steadily onward without a halt or respite this disparity demands 
some explanation. Although we should expect less recession in the cliffs 
of the inner gorge than in those of the outer, we should not expect it to 
be so much less if the only variable concerned was length of time. We 
might explain it by assuming the rocks of the inner gorge to be much 
more obdurate than those above. This is true in part, but still the dif­ 
ference in this respect is insufficient. A much more satisfactory ex­ 
planation is found in the supposition that the broad esplanade of the 
canon between the upper palisades was an ancient base-level of erosion 
(page 101). We might imagine that when the Colorado had cut its 
channel down to that level, it had reached the limiting depth of corrasion 
for the time being. Then for a long period the palisades on either side 
wasted aud receded from the river. At last another epoch of upheaval 
set in; the entire platform of the district was lifted several thousand 
feet; the power of the river to corradp was restored; and with compar­ 
ative rapidity it sank the inner gorge. This becomes more than a mere 
guess when we take account of its relation to the general category of 
facts. Thus the great faults attest the fact that such an upheaval did 
occur; that it occurred,too, just at the time supposed; aud that in 
amount it was quite equal and probably not more than equal to the 
amount required. Other evidences might also be produced, but they are 
too intricate to be discussed here.*

We leave the Toroweap Valley and the Grand Canon, regretting that 
all its wonderful and instructive subjects should receive such brief notice. 
Retracing our steps up the Toroweap for a distance of about six miles, 
we at length select one of the great lava streams on the western side. 
Although quite steep, we may ascend it with the animals and packs 
without serious difficulty. At the end of an arduous climb upou the 
rugged slope, we find ourselves upon the platform of the Uinkaret. 
Around us are the old cinder-cones, most of which are of considerable 
dimensions. All of them have given vent to floods of basalt, which have

* I would, if space admitted, be glad to describe the remarkable phenomena presented 
i n the wall of the inner gorge directly across from Vulcan's Throne Upon the very bri nk 
.stands the remnant of an old crater (cinder-cone) which has been partially under­ 
mined and destroyed by the sapping of the wall-face. A lateral gorge sets back into 
the esplanade from the river to a distance of a mile or more. In the wall-faces are dis­ 
closed thedikes through which the lava came up. Their "strike'' is parallel to the course 
of the river, and perpendicular to the course of the Torowcap fault. Two of them 
protrude from the face of the wall about 600 to 1,400 feet below thesnmmit; others pro- 
trndejust at the brink. It is extraordinary that none are seen in the depths of the 
gorge All of the attendant circumstances are surprising and curious, and yet it has 
frequently been noted that basalts habitually seek improbable places to erupt.
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spread out thinly over extensive surfaces, but as the number of super­ 
posed sheets is considerable in this part of the plateau, the aggregate 
thickness, though somewhat roughly inferred, must be three or four 
hundred feet, and occasionally much more. There is not much to add to 
this description. The lava is apparently all of one kind, but some ot 
it much older than other portions. In truth, it soon becomes apparent 
that the period of volcanic activity was a long one. A few miles from 
the point where we attained the summit of th"e plateau and in a north­ 
west direction from it, we come upon the termination of a lava stream 
which has the appearance of being extremely recent. It looks as fresh 
as the emanations from Vesuvius or ^Rtna which have ontflowed within 
the last fifty years. Its surface is intensely black, and only here and 
there can we perceive that weathering has even impaired its freshness. 
Two miles away is seen the cone from which it emanated. The last 
eruptions from it have almost destroyed it, and melted down the greater 
part of its mass.

Skirting the edge of this lava-sheet, we find at the eastern base of 
Mount Logan a small spring, named the Oak Spring. It is a central 
point, from which the southern part of the plateau may be visited. 
There is another very small spring high up on the southwestern side of 
Mount Trumbull, and its waters have been brought down' by a wooden 
pipe to the plain below, to supply the wants of a saw-mill. A third and 
much larger spring is found on the western side of the Uinkaret. These 
are the only available sources of supply, and each may be used as occa­ 
sion requires for the examination of different parts of the plateau.

It will be necessary here to advert, with the greatest brevity, to the 
facts which the Uinkaret presents. Its most conspicuous subject is its 
volcanism. Almost as striking a subj'ect is the great Hurricane fault, 
which forms the western boundary of the plateau. It also presents 
many other features of interest, but only the briefest allusion to them 
can be made here.

The lavas of the Uinkaret are all basaltic, and are quite typical of 
their class. They appear to vary but little in their constitution, and, 
so far as the cursory examination hitherto made indicates, the only differ­ 
ences are such as are incident to varying conditions under which they 
solidified after eruption, or to subsequent weathering. But it also 
appears that the period of volcanic activity has covered a considerable 
duration of geological time. There are old lavas and young lavas; per­ 
haps we may say there are middle-aged lavas. The older lavas are 
presented in the largest masses, the largest individual couUes. Another 
noteworthy feature is that the oldest lavas are now found upon the 
summits of the loftiest portions of the plateau, while the younger lavas 
are found chiefly on the lower levels. It is well worth studying to see 
how this comes about. The facts and explanation are best presented in 
the fine mass of Mount Trumbull. ,

This mountain is in reality a gigantic butte ; that is to say, a mass of
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sensibly horizontal strata left by the denudation of the same beds from 
the platform surrounding. It is roofed over with a ponderous lava-cap, 
500 to 800 feet thick. Under this lava-cap are seen in numerous places 
the horizontal edges of the strata, though the flanks of the mountain 
are so thickly covered with the d6bris formed by the disintegration of 
the basalts at the summit that these strata are for the most part buried. 
The beds beneath the lava are of Permian age, and it is evident that 
nearly the whole and possibly quite all of the Permian series remains 
in the m'ountain mass. That these basalts are very old is evident at a 
glance. The evidences of erosion are seen on every hand, and their 
aspect is strikingly different from that of the younger or middle aged 
basalts. On the summit of the mountain we find a cluster of old vents, 
from which a,great part at least of these lavas were expelled. They are 
simply large craters torn down, dissolved and rotted away to their very 
roots by the ravage of time. It is evident, too, that the lava-cap itself is 
as a whole a mere remnant of a mass of superposed sheets which once 
extended much beyond the steep ledge which now limits them all around 
the mountain. The geologist draws his conclusion very quickly. These 
basalts in the lava-cap were extravasated at a time when the aspect of 
the surrounding country was very different from that which is now pre­ 
sented. At that time large bodies of Permian strata, since swept away 
extended continuously from the edges now exposed in the mountain 
flanks over spaces far away from it. We cannot indeed affirm that the 
great denudation had not already begun its havoc in the Permian, 
but we may be sure that it had not reached nearly its present stage. 
Mount Trumbull then is a remnant of a platform of lava-capped Permian 
beds, which was once of much greater extent. What was the extent 
of this platform at the time of the eruptions, we do not yet know, ,nor 
are we likely to know.

Around the base of the mountain on all sides the more recent craters 
are thickly clustered. The cones are for the most part in an admirable 
state of preservation; though here and there one may be found which 
has suffered considerable ravage. About two miles north of the base of 
Trumbull, especially, is an old cone, which has been laid open in such a 
manner as to disclose its interior structure very clearly. It is in all 
lespects similar to the cones of the Mediterranean islands and countries. 
All of these craters were built at a much later period than the lava-cap 
of the mountain.

Mount Logan which lies near Trumbull to the southwestward, pre­ 
sents a similar state of affairs. It is a tabular mass capped with the 
more ancient basalts and with a great body of Permian beds beneath. 
South of Logan is another mass of ancient basalts, overlying Permian 
strata. Upon this southern table, however, are planted some well 
preserved craters which belong to the middle age of eruptious. Chief 
among these is Mount Emma, whose summit has been used as a pri­ 
mary topographical station. In general, these more ancient basalts
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appear to have been erupted at a time when the summit of the Permian 
constituted the principal part or certainly a great part of the platform 
of the country. Since their outflow, the great denudation has made 
progress, so that at present only these lava-capped and lofty masses 
remain. A considerable number of patches of the basal members of 
the Permian, however, arc still preserved in the country roundabout, 
while the greater part of the Permian series has'been removed. It is 
indeed quite possible that at the time of the eruption of the most 
ancient basalts, considerable ravage may have already been made in the 
Permian strata; but the probabilities are that the amount of such de­ 
struction was not very great.

It is not easy, perhaps it is impossible, to fix the relative age of these 
eruptions in geological terms. It is, however, certain that they date 
well back in Pliocene time, and may even have taken place in late 
Miocene time. I am inclined to refer them, doubtfully, indeed, yet not 
wholly at random, to an epoch in which the excavation of the Grand 
Canon had either just beguu or had made only a little progress. This 
period, with somewhat more confidence, I assign to the early part of 
the Pliocene. The middle-aged eruptions, of course, were much later, and 
may come not far from the glacial epoch, but whether immediately before 
or immediately after, or during that period, I see no means of determin­ 
ing. The later eruptions are in all probability Quaternary, and it can 
hardly be doubted that the very fresh lava streams already spoken of 
had their eruption within the Christian era; nay, they may have broken 
forth since the conquest of Mexico by Cortez. Some light is thrown 
upon the question of age by a study of the great Hurricane fault.

The Uinkaret Plateau is bounded on the west at the brink of an escarp­ 
ment differing radically from the cliffs of the terraces. So far as out­ 
ward topographic features are concerned, the superficial observer would 
not note any marked peculiarity. But its origin is wholly different. 
The terrace cliffs are all cliffs of erosion, produced by the denudation 
of the eouutry in front of them. The Hurricane Cliff which bounds the 
Uinkaret is a cliff of displacement. At its base is a gigantic fault, let­ 
ting down the whole country to the westward as far as the eye can reach. 
The Hurricane fault has its southern end far south of the Colorado—we 
know not where at present—but we do know that it extends south of 
the river, with a great amount of displacement, for more than thirty 
miles; an d at the farthest point thus far observed it has still great force, 
and shows no signs of vanishing or running out. At the point where it 
crosses the Colorado it has a shear of about 1,400 feet, and the displace 
ment increases northward. Abreast of the southern portion of the 
Uinkaret it is 110 longer a single fault, but suddenly splits into four 
branches or steps, the "throw" being distributed irregularly among the 
several steps. To see this we must descend into the Queautoweap Valley, 
lying on the west side of the Uinkaret, and, in some sense, the mate or 
homologue of the Toroweap on the eastern side. Beaching the bottom we
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descend the Queantoweap a few miles, and turning about we see the effects 
of the fault so plainly that a child could hardly mistake them. ,Right in 
the bottom of the valley is the lower branch with a displacement of about 
1,300 feet. (Plate XXVIII). On the cliff to the right is a second smaller 
displacement of about 350 feet. Still farther to the right is a third of 
about 700 feet. Beyond the limits of the diagram is a fourth of about 
500 feet. Twenty-five miles north of the Colorado the branches have 
disappeared and a single fault remains, with a shear of about 1,800 feet, 
and this amount continues nearly constant to the northward for a few 
miles. At len gth the fault rapidly increases. Seventy-five miles north of 
the river, and at the point where the Virgeu River crosses it, the throw has 
become colossal. We stand upon the brink of the cliff with our feet upon 
the summit of the Carboniferous, and within musket range, 1,500 feet 
below, is the Jurassic white sandstone. Most of the Jurassic (800 feet), 
the whole of the Trias, which here has unusual thickness (2,800 or 2,900 
feet), and the whole of the Permian and Permo-Carboniferous (1,200 or 
1,300 feet), overlie the contiuuation of the strata on which we stand. 
The total throw is not far from 6,500 feet. Still northward extends the 
fault, and still it rapidly increases. At length it reaches a maximum 
displacement of more than 12,000 feet on the west side of the Markagunt. 

' Continuing northward it gradually decreases, and finally disappears near 
the western flank of the Tushar Mountains. The entire length of this 
fault is more than 200 miles. It is throughout its whole extent a primary 
geological and topographical feature of the region it traverses.

With regard to the age of the fault-we have some information. It is 
not probable that all its portions were sheared simultaneously, and it is 
quite certain that its development was very slow and gradual and pro­ 
gressed through a long stretch of geological time. Confining our atten­ 
tion to that portion extending along the western flank of the Umkaret, 
we find that nearly the whole displacement took place after the eruption 
of the oldest basalts, for the fault dislocates the most ancient lava beds. 
Whether some small portion of it may or may not have existed before 
these eruptions we cannot positively say, but no evidence of such priority 
has been noted. On the other hand, all the younger lavas, and some, at 
least, of the middle-aged lavas flowed across the fault and have not since 
been cut by it. But some ol the middle-aged lavas appear to have suf­ 
fered some dislocation. Hence we infer (1), That the age of this part of 
the Hurricane fault is not older than the beginning of the Pliocene. (2), 
That the displacement went on in harmony and conjunction with the vol­ 
canic activity. (3), That for along period,.historically speaking, it has 
been quiescent, and no movement has within the historic epoch taken 
place. (4), That the beginning of the Hurricane fault is older than the 
beginning of the Toroweap fault. These conclusions are of great impor­ 
tance in unraveling the history of the Grand Canon district, for they at 
ouce become links m a chain of reasoning which, though complex, is 
very systematic and self-consistent. The faults are evidences of vertical
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movements. The amount of shearing and the time of its occurrence give 
us in great part the data to determine the amounts and epochs of up­ 
heaval. Uplifting has been one of the prime factors of erosion, for it 
controls the declivity, velocity, and corrasive power of the streams, 
which in turn determine the amount of relief throughout the region; and 
the amount of relief is the chief factor which determines the rapidity and 
aggregate of erosion. Thus the entire range of facts presented in the 
geology and topography of this region are woven together, thread by 
thread, into a definite pattern of warp and woof. Volcamsm, displace­ 
ment, drainage, stratification, erosion, climate, each contributes its quota. 
To weave them together is no easy matter. Yet the region has had a 
history, and though its record is broken, disjointed, and scattered, we 
are still able to find many fragments and restore them to their proper 
places and sequence. The TJmkaret abounds in curious little facts, 
many of which, besides being instructive in themselves, are of great 
utility in piecing together this narrative. But their discussion must be 
reserved for a more deliberate and comprehensive work.

Before leaving the TJinkaret we may remark briefly that the Sheav- 
wits Plateau, which lies to the west of it, is a region of much the 
same character. From the summit of Mount Logan it is well in view. 
Broad lava fields are spread over its surface, and these are all basaltic. 
One considerable volcanic pile stands upon its platform surrounded by 
younger craters and is named Mount Dellenbaugh. There are also sev­ 
eral large buttes or broad mesas, upon its surface, composed of Permian 
beds capped with basalt, though-the main platform is Carboniferous. 
The plateau, liowever, has been reconnoitered only and not minutely in­ 
vestigated. Upon its western verge is the Grand Wash fault, a g'lgantic 
displacement, where the whole country to the westward is dropped down 
between 6,000 and 7,000 feet. Upon the thrown side is found the Per­ 
mian series complete in great force, and above it some of the basal mem­ 
bers of the Trias. This fault is the boundary of the Grand Canon dis­ 
trict and of the Plateau country itself. The region beyond is a sierra 
country, with the same characteristics as the Great Basin of Nevada 
and Western Utah.
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CHAPTER VI.
THE KAIBAB.

The Kaibab is the loftiest of the four plateaus through which the 
the Grand Canon extends. It is from 1,500 to 2,000 feet higher than 
the Kanab Plateau on the west, and from 2,500 to 4,000 feet higher thau 
the Marble Canon platform on the east. Its superior altitude is due 
wholly to displacement and not to erosion, for the strata upon its sum­ 
mit are the same as those upon the surfaces of the others. The up­ 
heaval has produced a sharp fault upon the western flank and a great 
monoclinal flexure upon its eastern flank. Throughout its entire plat­ 
form the upper Carboniferous forms the surface. The Kaibab begins at 
the base of the Vermilion Cliffs near the little village of Paria; its 
northern extremity terminating in a slender cusp: Steadily widening 
and increasing very slowly in altitude, it reaches southward nearly a hun­ 
dred miles to the Colorado Eiver, where it attains a breadth of about 
35 miles. Its highest point is about 9,280 feet above the sea, but most 
of its surface is between the altitudes of 7,800 and 9,000 feet.

When viewed from a distance its summit, projected against the sky, 
looks remarkably smooth and level. The slow increase of altitude from 
north to south may be discerned, and yet, in the absence of positive 
knowledge, it would be doubted by the careful observer whether .this 
might not be due to perspective, and not real. When we actually visit 
the plateau we find the summit, seeming so smooth when viewed from 
afar, to be really very rugged. It is scored with a minutely ramified 
system of ravines, varying much in depth, but averaging about 300 
feet in the heart of the plateau, and ,much deeper at the flanks. The 
whole summit is magnificently forest-clad. In this respect it is in 
strong contrast to the other plateaus, excepting, however, in a much infe­ 
rior way, the higher parts of the Uinkaret. The other plateaus are for­ 
midable deserts; the Kaibab is a paradise. The forests are due to the 
superior altitude of the plateau, for the higher the altitude the moister 
the climate. Through the southern portion of the Kaibab is cut the 
finest portion of the Grand Canon. Vast and imposing as is the 
scenery at the foot of the Toroweap, the scenery of the Kaibab is much 
more impressive. I propose in the present chapter to describe in famil­ 
iar language a journey from Kanab to the Kaibab, and to the brink of 
the chasm, where we may contemplate its sublimity. Its geological 
significance must be discussed in a future work.

When the order is given to the party encamped at the little village of 
Kanab to prepare for the Kaibab, it is obeyed with more than ordinary
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alacrity. From the chief of the party down to the herders and cooks all 
look forward to delightful wanderings in a cooler -atmosphere, in open 
forests of noble pines and spruces, in flowery parks and winding ave­ 
nues ol rich verdure; to scenery the grandest of earth, and to cominu- 
niou with Nature in her noblest and loveliest moods. As we descend
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the village street and take a well-known by-path upou its outskirts, even 
the poor animals know whither they are going; they have traveled this 
trail before and remember the long, green bunch-grass and tufted " gram­ 
ma," the lupine and wild oats. They trot along with nimble steps, 
requiring neither spur to urge nor reiu to guide them. Before us is the 
Permian terrace rising by the gentlest of slopes; through it the Kanab 
Kiver has cut a wide shallow gap in which stand several pretty little 
buttes carved sumptuously in the characteristic style of the formation. 
Beyond it the Carboniferous platform extends southward without visi-
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ble bound. Over the Permian terrace the Kaibab is in full View, its 
flat unruffled summit occupying a whole quadrant of the horizon, and 
its western escarpment facing towards us. The light of the declining 
sun * is upon it, and the larger details stand forth in clear relief, dis­ 
playing the openings of grand ravines and the massive faces of the 
intervening pediments.

In the course of an hour we pass through the Permian gap, and the 
boundless desert is before us with the Kaibab upon our left. Our route 
is not directly towards the plateau front, but obliquely towards a point 
in it far to the southeast. In the portion of the plateau nearest to us 
there is no water, either upon the summit or in the great ravines, and 
without water the journey would be indeed arduous. Moreover, it is 
the southern portion which commands our greatest interest, and the 
northern part possesses no features which are not still more advantage­ 
ously presented in the southern. The southern prospect is very ex­ 
tended. The desert before us is really no more uneven than the rolling 
prairie of Iowa, but the range of vision is vastly greater. The reason 
is soon explained. In the prairie the curvature of the earth soon car­ 
ries the surface out of sight. In the Kanab Desert we are constantly 
looking across a very wide but shallow depression of the surface, of 
which the center is located where Kanab Canon begins to cut into the 
Carboniferous platform. In a word, the earth's surface is here slightly 
concave instead of convex, and the radius vector of the concavity has a 
length varying from fifteen to thirty miles. Anywhere within the de­ 
pression, therefore, the prospect is a very wide one. The general im­ 
pression conveyed is that of a gently undulating 1 plain of immense 
extent.

As the sun nears the horizon the desert scenery becomes exquisitely 
beautiful. The deep rich hues of the Permian, the intense red of the 
Vermilion Cliffs, the lustrous white of the distant Jurassic headlands are 
greatly heightened in tone and seem self-luminous. But more than all, 
the flood of purple and blue which is in the very air, bathing not only 
the naked rock faces, but even the obscurely tinted fronts of theKaiba.b 
and the pale brown of the desert surface clothes the landscape with its 
greatest charm. It is seen in its climax only in the dying hour of day­ 
light. At length the sun disappears and the glory is extinguished.

Almost instantly the air becomes cool and refreshing, and as we ride 
onward through the deepening twilight it grows even chilly. It matters 
little how hot the days may be, the nights here are always cool and also

* In midsummer it is beat to begin this journey late in the afternoon. The distance 
between watering places is about 40 miles, and when the sun is high the heat upon 
the open desert is intense. The packs must be heavy, and if the attempt is made to 
accomplish the entire distance between sunrise and sunset, the animals are liable to 
be overtaxed, and what may be gained by a long march in a single day will be lost 
subsequently. It is better to start late in the afternoon, march until near midnight, 
and complete the distance to water the next morning. Night traveling is usually to be 
avoided, b it here it is the better choice of two evils 
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dry. I have known the temperature of the air to be 110° at midday, tall- 
ing to 54° at midnight, without any general atmospheric disturbance or 
change except that which is due to nocturnal radiation. Upon the open 
desert the air is almost always still both by day and night. Rarely do 
the high winds blow over it in summer, and even strong breezes are un 
common except in the vicinity of great cliffs. At night the stillness is 
profound, and unless there is Avater or green vegetation hard by even the 
chirping of insects is unheard. The only sound which breaks upon the 
ear is the howling of the wolves that prowl about the camp and follow 
the tracks of the animals.

The hours roll quickly past as we move onward in the darkness. At 
length when the stars betoken the approach of midnight we halt, strip 
off the packs and saddles, hobble the animals and turn them loose to 
browse upon the scanty herbage. As the sun rises we are once more on 
the road. For ten miles from Kanab the trail descends by a hardly 
perceptible grade. Thence it ascends gradually at a rate of about 150 
feet to the mile. From the fifteenth to the twenty-third mile it lies 
in shallow ravines but at last emerges npon more open ground. As we 
look back towards the north one of the grand spectacles of the Plateau 
country is disclosed to us. It is a view of the great cliffs which bound 
the southern terraces of the High Plateaus rising one above another. 
Nearly 10,000 feet of strata are exposed edgewise and occupy a line of 
frontage from 50 to 60 miles in length. It includes the stratigraphic 
series from the base of the Permian to the summit of the Lower Eocene. 
The view of the terraces from the north, from the brink of the Marka- 
gunt or Paunsagunt, is of a very different character from this. There 
we see only their sloping summits with now and then a fragment of a 
mural front swung into view obliquely by the meandering course of the 
line of escarpment. Here the general line of frontage faces us while the 
terrace platforms are invisible. The view is a distant one but it requires 
great distance to bring into the field of vision an exposure so vast. At 
their nearest points the Permian is 15 miles away, the Trias 20, the Jura 
35, and the Eocene more than 50. It should be observed that we are 
looking across the broad depression or concavity before spoken of, and 
that there is a gentle slope downwards for 15 miles to the base of the 
Permian, which lies 1,900 feet below us. Notwithstanding the distance 
there is no difficulty in distinguishing the different formations, and there 
would have been none even if we had never before seen the terraces, pro­ 
vided we had become familiar with their several aspects elsewhere; so 
strongly individualized are their colors and their sculptural forms. The 
Cretaceous alone is obscure, for in the portions of the terraces now iu 
sight it does not form cliffs but breaks down in long slopes covered with 
soil and debris. If we were a few miles further west the Cretaceous 
cliffs of the Paria amphitheater would be visible and be as easily deter­ 
mined as the others, but here the Kaibab hides them. Although nearly 
10,000 feet of strata are disclosed the summit of the Eocene lies only
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5,000 to 5,500 feet above the base of the Permian, for in the interval 
between the two exposures the northward dip of the whole mass has 
earned down the Eocene about 5,000 feet.

From every elevated point on the Kariab Plateau this magnificent 
display is in full view. All of the broader geological facts in the strat­ 
igraphy and structure of the terraces may be distinctly seen and inter 
preted. The increment in thickness of the Mesozoic strata towards the 
west is very plain. The effect of the great Sevier fault, which comes 
down from the High Plateaus cutting across the terrace platforms and 
disappearing at the Pipe Spring promontory of the Vermilion Cliffs is 
now visible. By a simple reconstruction, lifting up the thrown side .of 
this fault and gradually depressing the westward extension of the strata 
until the Eocene is horizontal, we can restore mentally the whole mass 
to the attitude it held in Eocene time, and it will require but a slight 
effort of the imagination to detect the original configuration which de­ 
termined the present positions of the drainage basins of the Virgen,Ka- 
nab, and Pana Kivers. With a measured base-line extending east and 
west upon this part of the Kanab Plateau and with a fine large theodo­ 
lite it would be practicable to make all the measurements necessary for 
determining the masses and positions of the several stratigraphic mem­ 
bers with a degree of accnracy not materially less than could be obtained 
by .studying them upon their own ground.

A spectacle of this kind is most impressive to the geologist. It brings 
into one view the coordinated results of observations made laboriously 
by months of travel and inspection mavery broad and rugged field. The 
great distances through which the eye can reach, the aspect of cliffs 
towering above and beyond cliffs, the great cumulative altitude thus 
attained, the immensity of the masses revealed, the boldness of form, 
the distinctness of the lines of stratification, and especially the brilliant 
coloring, subdued indeed, but also refined by the haze, give to the scene 
a grandenr which lias few parallels.

But we turn our backs upon it, and pursue onr way, pausing anon to 
look at it with a reverent enthusiasm. The daylight discloses the west­ 
ern Kaibab wall upon our left, only five or six miles distant, aud our 
course changes from southeast to south parallel to its front. Already 
we feel the influences of its long spurs sweeping outward and dying 
away in the desert platform, and the trail becomes more hilly. Once 
or twice it takes us down into ravines which are the continuations of 
the great chasms which cut it to its base and recede far into its mass, 
winding out of sight in profound depths. Vegetation has made its 
appearance all around us, not abundantly, indeed, but sufficiently to 
contrast with the desolation behind us. Upon the crest of the plateau 
we can see the giant pines and spruces, and we covet their luxurious 
shade. Nearer, on either hand, are pinons and cedars, mountain mahog­ 
any and mesquite, with many low forms of desert shrubbery. Many 
species of cactus are seen, the most abundant of which are the opuntias,
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, or prickly pears. Of these there are four or five very common species. 
A large cactus " orchard" in blossom is a very beautiful sight, display­ 
ing flowers which, for beauty of form and richness of color, are seldom 
surpassed by the choicer gems of the conservatory. Nor is it less 
attractive when in the fruit, for it yields a multitude of purple "pears," 
which are very juicy and refreshing, and by no means contemptible in 
flavor. There is another form of cactus not likely to be forgotten by 
anybody who has once seen it, and which is very common on the Kanab 
desert. It is a stout bush, with many branches, growing from 3 to 6 
feet high. The trunk and branches have a hard, woody core, and are 
thickly fringed with rows of strong, sharp spines which present a very 
ferocious aspect. Altogether it is the most truculent looking member 
of the vegetable kingdom I happen to be acquainted with. Very com­ 
mon, too, are the yuccas, or u Spanish bayonets," which resemble, on a 
small scale, the noted agave or century plant. Another common species, 
somewhat resembling the last, bears a cluster of melon-like seed cases 
of the size and form of cucumbers, which the Indians gather and dry for 
food.*

At length the trail leads down into st Stewards Canon," a rather broad 
caiion valley descending towards us from the south. Just where we 
enter it it turns sharply to the west forming an elbow, and, sinking thence 
ever deeper into the earth through a course of fifteen miles, it opens at 
last into the heart of Kanab Canon at a depth of nearly 3,500 feet. 
Here at the elbow it is comparatively shallow. Before reaching the 
elbow it runs northward close to the base of the Kaibab wall, which 
rises more than 1,200 feet above its floor, while the opposite or western 
side is only about 400 feet high. The difference in the altitudes of 
the two sides is accounted for by the presence of the West Kaibab fault, 
which runs at the foot of the wall throwing down the western side 
more than 800 feet. The geological relations here are worthy of some 
study. The presence of the fault is detected in a moment. Upon the 
western side the familiar grey limestones of the Upper Aubrey series 
form the entire wall. Upon the eastern side the same beds are seen 
upon the summit more than 800 feet higher than on the western side. 
Beneath them is the hard crossbedded sandstone, and still lower down 
the brilliant red sandy shales of the Lower Aubrey. Here, too, is seen 
that curious phenomenon so often presented in connection with the 
faults of this region. As the thrown beds approach the fault-plane they 
are turned down.

The trail leads southward up Stewart's Canon with an ascent that is 
barely perceptible. We become conscious of increasing altitude indi­ 
rectly by the barometer and by the change in the vegetation. The 
desert shrubs have mostly disappeared and given place to the scrub- 
oaks and weeds which are the unfailing indications of a cooler and

* The Mormons find a singular use foi tliis plant. The pounded root, macerated in 
water, yields a thick liquid which makes a very good substitute for soap.
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FIG. 13.-—A fault with the beds flexed downward on the sunken side

moister climate. But the most welcome sight is the close proximity 
of the yellow pines which stand upon the summit above and even upon 
the lower platform which looks down from the western side. As yet 
they do not grow in the valley bottom. We have not quite reached the 
Kaibab, though it is close at hand—nay, we pass right by its open gates 
which seem to invite us in with a welcome; for at intervals of a mile or 
two we perceive upon the left the openings of grand ravines leading up 
to its platform and the moment we enter any one of them we are within 
the precincts of the great plateau. Stewart's Canon is the trunk valley 
which receives the drainage of a considerable section of the western side 
of the Kaibab. The large affluents all come from the east, and none of 
any importance from the west.

About five miles from the point where the trail enters the valley we 
reach the first water—a tiny stream coming down from one of the great 
ravines and sinking into the soil a few hundred yards beyond the mouth. 
Halting long enough to allow the animals to drink we move onward 
about two miles further up the valley and make camp. Here there comes 
out of the Kaibab wall, about 300 feet above us, a stream of water as 
large as a man's body, which cascades down the rocks into a pool cov­ 
ering half an acre. There is a phenomenon here worth noticing, for it 
is a prelude to some very singular facts of general prevalence throughout 
this wonderful plateau. Across the outlet of the pool a rude dam has 
been constructed of stones and mud, which may be easily torn open or 
replaced. When the dam is open a large stream equal to the influx 
pours out of it, but the whole outpour sinks within a quarter of a mile. 
When the dam is closed the water in the pool rises about 15 inches and 
there is no outflow. All the water which enters the pool then sinks 
along the newly submerged margin. A stream of that size anywhere 
else in the Plateau country would ordinarily run eight or ten miles, and 
in a moist country would run much further. The sudden sinking of
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streams is by no means rare, but is generally exceptional. On the Kaibab 
it is the rule. Upon all its broad expanse there is nothing which can 
be properly called a brook or a living stream. About a dozen springs 
are known, but their waters in every instance sink in the earth within a 
few hundred yards of their sources. And the " Big Spring" in Stewart's 
Canon yields several times as much water as all the others put together. 
With this foreknowledge the prospects of water supply upon the Kaibab 
might seem discourgmg; but we shall not suffer for the want of it.

Although the sun is still high when the Big Spring is reached nothing 
will be gained by prolonging the day's march, and it is well to take a look 
at the surroundings. In some way, without knowing exactly when and 
where, we seein to have gotten into the Kaibab; for around us is the 
sylvan scenery and a rolling country traversed by many valleys and 
ravines. True they are not the finest types, but when we recall the 
desert we h ave just left this place looks like a paradise. The barometer 
shows a considerable altitude, 7,850 feet, and the air though warm is not 
oppressive. As we approached the plateau from the desert and saw its 
battlements towering grandly in the distance and becoming hourly more 
grand, its level parapet retreating into indefinite distance in either direc­ 
tion, it never occured to us that we might be spared the arduous strug­ 
gle of scaling the wall, or, as a still more arduous alternative, the forcing 
of a rough passage through some narrow ravine for many miles. Yet 
we have reached this spot by a route as easy as an old-fashioned turn­ 
pike. In truth, the configuration of the southern part of the Kaibab 
could not be discerned as we approached it from the north. But putting 
together the observations of the journey it now becomes apparent that 
the surface of the Kanab Plateau rises quite rapidly towards the south, 
while the Kaibab gains in altitude much more slowly. Opposite our 
last camp the difference in the altitudes of the two plateaus is about 
2,300 feet. Here it has greatly diminished, and the passage from one to 
the other is new partly by a very gentle inclined plane and partly by a 
lault. Fifteen miles further south the fault vanishes or becomes insig­ 
nificant, and the passage is by a long slope.*

Resuming in the morning the route up Stewart's Canon, a half-hour's 
ride brings ns to an. abandoned saw-mill. Here the trail leaves the val­ 
ley which we have followed for ten miles and turns up into a large ravine 
coming from the east or southeast. It is much narrower than Stewart's 
Gallon, with very abrupt and almost precipitous walls about 600 feet

* It may be remarked here that every fault in the district is accompanied with a 
corresponding break in the topography. A cliif or steep slope is produced by it. I do 
not recall an instance where the lifted beds are planed off by erosion, so as to make 
a continuous level with the thrown beds. The cliffs generated by displacement havo 
a character of their own which the experienced observer distinguishes quickly and 
confidently from cliffs of erosion. These characteristic breaks m the topography often 
betray a fault in localities where it -would otherwise have been passed over unnoticed 
and unsuspected.
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high. The traveler in the Plateau province learns to dread the neces 
sity which compels him to thread a deep gorge or canon unless lift knows 
beforehand that there is a practicable and easy trail through it. If it 
is dry it is almost certain to be obstructed by fallen fragments and thickly 
set with scrab,its bottom sconred into rough gullies bythe sndden floods; 
and half the time it will be necessary to monnt the steep talus aud thread 
it. If it carries a living stream the way is still worse, for in addition to 
the foregoing difficulties there are dangerous quicksands, impenetrable 
thickets of willows and thorny bushes, and the stream meanders from 
wall to wall. Unless there is a good trail the traveler will usually prefer 
to monnt the cliffif a break can be found m it and seek the mesa above, 
and thus by a single struggle get rid of the miseries below. Not so the 
ravines of the Kaibab. Like the paths trodden by the pilgrims in the 
Delectable Mountains, "their -ways are pleasantness and all their paths 
are peace." The ravine we enter i s but a fair specimen of a vast number of 
them which cover the whole broad surface of the plateau with an infinite 
network of ramifications. Its bottom is covered with a carpet of grass 
aud flowers growing raukly in a smooth firm soil free from rocks and 
undergrowth. Here and there a clump of aspens or noble pines grow 
in the way, but offer no obstacles to progress. It is like ruling through 
a well-kept park or an avenue shaded by ancient trees. And now the 
effect of the absence of streams becomes manifest. Not only are there 
no perennial brooks, but there are no indications that even in the time 
of heavy rains or of melting snow any notable amount of water ever 
runs in these channels. Yet the Kaibab is a moist region. In summer 
the rains are frequent and in winter the'fenow lies deep. Horses cannot 
winter there and the wild cattle and deer, late in October, abandon it 
and seek the lower regions around its flanks. In all other plateaus or 
mountain ranges of equal mass and altitude and with equal precipita­ 
tion there are many goodly streams and even large creeks fed through­ 
out the summer by numberless copious springs; and when the snows 
melt these streams become raging torrents. But so rare are the indica­ 
tions of running water on the Kaibab even in times of melting snow, or 
of vernal rains, that whenever we find a "wash" we look at it with 
surprise as if it were a strange phenomenon demanding special ex­ 
planation. But the very absence of these traces of running water con­ 
stitutes one of the greatest charms of the Kaibab, for every ravine is 
as smooth as a lawn and carpeted with a turf of mountain grass, richly 
decked with flowers of rare beauty and luxuriance.

The great trees grow chiefly upon the main platform above us. Ex­ 
cept in the highest part of the plateau they are mostly the yellow pine 
(Pinus ponderosa), but large spruces are also common (Abies grandin. 
A. Engelmanni). Upon the flanks of the ravines they also grow, the 
pines npon the northern or sunny side, the spruces upon the opposite. 
In the valley bottom they grow scattermgly, and for the most part leave
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it quite open. Contrasting finely with these are the aspens (Populus 
tremuloides) with their white trunks and pale green foliage. Through­ 
out the greater part of the plateau these three genera comprise all the 
arboreal forms that occur. But upon its borders we also find cedars, 
mountain mahogany, and pinon (Juniperm occidentalis, Ccrcocarpus 
ledifolius, and Pinus edulis), the latter, though classed as a pine, differ­ 
ing greatly from the more typical forms of the genus.

The ravine, where we enter its mouth, is about 600 feet in depth. 
The ascent is by a very easy grade, averaging about 100 feet to the mile. 
As we progress it becomes shallower, but not so rapidly as the grade 
might indicate, for the plateau summit also rises though at a lower 
grade towards the east. The course is a crooked one, but none the less 
agreeable on that account. Every traveler on foot or horseback has 
probably observed how tiresome and monotonous the road becomes when 
he can see it stretching away before him for many miles, and how 
charming the diversity when it wanders hither and thither. It matters 
not if the successive vistas are as much alike as two turns of a kaleido­ 
scope, there is always an impatience to see what is beyond the next turn. 
So it is here. The successive scenes are much alike, or change by insen­ 
sible degrees, but the same general view is presented in ever varying 
detail, and its subject matter is always delightful.

It is difficult to say precisely wherein the charm of the sylvan scenery 
of the Kaibab consists. We, who through successive summers have 
wandered through its forests and parks, have come to regard it as the 
most enchanting region it has ever been our privilege to visit. Surely 
there is no lack of beautiful or'grand forest scenery in America, and it 
is a matter of taste what species of trees are the most pleasing. Proba­ 
bly few people would select the conifers and poplars as the highest 
types of arboreal beauty. I suspect that the charm consists in influ­ 
ences far more subtle than these outward forms. The delicious cli­ 
mate, neither cold nor hot, neither wet nor excessively dry, but always 
exhilarating, is a fundamental condition by virtue of which the body 
and mind are brought into the most susceptible mood. The ease with 
which we move from place to place, the absence of all anxiety or care 
for the three great requisites of camp life, fuel, water, and grass, are 
accessory conditions. The contrast of the desert with its fatigue, its 
numberless discomforts and privations, is still another. But the scenery 
is also very beautiful in itself. The trees are large and noble in 
aspect and stand widely apart, except in the highest parts of the pla­ 
teau where the spruces predominate. Instead of dense thickets where 
we are shut in by impenetrable foliage, we can look far beyond and 
see the tree trunks vanishing away like au infinite colonnade. The 
ground is unobstructed and inviting. There is a constant succession of 
parks and glades—dreamy avenues of grass and flowers winding be­ 
tween sylvan waHs, or spreading out in broad open meadows. From
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June until September there is a display of wild flowers which is quite 
beyond description. The valley sides and platforms above are resplen­ 
dent with dense masses of scarlet, white, purple, and yellow. It is note­ 
worthy that while the trees exhibit but few species, the humbler plants 
present a very great number, both of species and genera. In the 
upper regions of the High Plateaus, Mr. Lester F. Ward collected in a 
single season more than GOO species of plants, and the Kaibab, though 
offering a much smaller range of altitude and climate, would doubtless 
yield as rich a flora in proportion to the diversity of its conditions.

At a distance of about eight miles from its moiith, the ravine we have 
chosen has become very shallow, with gently sloping sides. At length 
we leave it and ascend its right bank to the upper platform. The way 
here is as pleasant as before, for it is beneath the pines standing 
at intervals varying from 50 to 100 feet, and upon a soil that is smooth, 
firm, and free from undergrowth. All is open, and we may look far 
into the depths of the forest on either hand. We now perceive that the 
surface of the plateau undulates with rolling hills and gently de­ 
pressed vales. These valleys are the ramifications of the drainage chan­ 
nels. They are innumerable and cover the entire surface of the plateau. 
The main channels all deepen as they approach the edges of the plateau 
and often attain considerable depth, becoming at the same time precip­ 
itous. The deepest are those which emerge near the elbow of Stewart's 
Canon and north of that point. These attain depths exceeding a thou­ 
sand feet. The ravines which descend towards the eastern flank of the 
plateau terminate in a different manner. In the interior parts of the 
plateau these drainage valleys are all shallow, rarely exceeding 300 or 
400 feet in depth, and seldom abrupt.

After two or three miles upon the summit, the trail descends iuto 
another valley, whose course we follow upward for about seven miles. 
At the distance of about twenty miles from Stewart's Canon, we find 
that we have gained about 1,200 feet of altitude, and that the vegetation 
has changed its aspect somewhat. The pines, though still abundant, are 
now in the minority, and the spruces and aspens greatly predominate. 
The spruces form dense thickets on either hand, which nothing but the 
direst necessity would ever induce us to enter. Of this genus there are 
several species, varying much in habit. The great firs (Abies grandis, A. 
Engelmanni) are exceedingly beautiful on account of their sumptuous 
foliage. But the most common species is a smaller one (A. subalpina), 
with a tall and straight trunk, its branches spreading only five or six 
feet. These trees cluster so thickly together that a passage through 
them is extremely difficult and sometimes impossible. But we are not 
constrained to attempt it, for they seldom grow in the valley bottoms. 
Again we leave the ravine, and \yinding about among the hills, passing 
from glade to glade, we at length find ourselves upon the summit of 
a long slope, which descends rapidly into a great park, the largest on 
the Kaibab. It has received the name of
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DE MOTTE PARK.

Its length is about ten miles, its average width about two miles. It is a 
depressed area in the heart of the plateau and is on every side girt about 
by more elevated ground rising by strong slopes 300 or 400 feet above 
its floor. The borders and heights above are densely forest-clad, but 
not a tree stands within the park itself. Descending into its basin and 
proceeding southward about two and a half miles, we reach a little 
spring where we make camp. The distance from the Big Spring to 
Stewart's Canon is about 26 miles by trail. *

De Motte Park is eminently adapted to be the base of operations 
in a campaign of geological investigation upon the southern part of the 
Kaibab. It is a central locality from which we may radiate in any di­ 
rection to the bounds of the plateau. Here the great bulk of the supplies 
may be deposited, and from the supply camp we make journeys with 
light packs for one, two, or three days, as it may suit our convenience, 
and to it we may return to fit out for another short trip. The circum­ 
stances which make the park so advantageous in this respect are worth 
reciting.

Notwithstanding the open character of the forest there are two diffi­ 
culties in the way of travel on the Kaibab. The first has already been 
mentioned, scarcity of water. We know of about a dozen small springs, 
some of them conveniently located for the purposes of the explorer, 
others not. There is, however, another source of water supply which will 
be described presently. The second difficulty is the danger of getting 
lost and bewildered in the forest. Thismayseem to bea singular sonrce 
of danger for an explorer, who of all men is bound to know'his exact 
whereabouts at every step. But if he were to visit the Kaibab with that 
easy confidence and without a guide he would probably learn a severe 
lesson in less than a fortnight. The young Mormon herders who range 
over this region, and who follow atrail with the keen instincts of Indians, 
and with more than an Indian's intelligence, dread the mazes of the for­ 
est until they come to know them. Even the Indians who live and hunt 
there during the summer and autumn have sad tales about comrades lost 
when the snows came early and buried the trails so that they could not 
be followed. The bewildering character arises from the monotony of t he 
scenery. There are hundreds of hills and gulches, but they all look 
alike. There are no landmarks except trees, which are worse than none 
at all. If you enter a ravine for the second time at a point other than 
that at which you first entered it you would probably fail to recognize it. 
As with the faces of the Chinese, no conscientious white man would be 
willing to swear that he had ever seen any particular one before. Tet 
the riddle of the Kaibab is soon solved, and, once read, all danger is over. 
If the traveler is lost there is an infallible clew. He must go at once to 
De Motte Park. But how shall he find the way 1 If he has reason to
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suppose that he is within a dozen miles of it he has only to enter a main 
ravine and follow it to its head. This, however, does not apply to the 
portions of the plateau which lie more than five miles north of the park. 
The way may be long, but is easy and sure. A few ravines fade out 
before reaching the near neighborhood of the park. In that event take 
the nearest one on the right or left. All of them head upon the summit 
which looks down into the park. It is necessary, however, to keep to 
the main ravine and avoid its minor tributaries, and there is a criterion 
by which it may be distinguished. At the confluence of a lateral ravine 
the grade of the main ravine is always the less of the two.

Although this may seem to be nothing more than a trival bit of 
woodcraft, it really illustrates an important fact—the drainage sys­ 
tem of a large portion of the Kaibab. The study of this drainage system 
will shed some light upon the geological history not only of the plateau 
itself, bnt of the region adjoining, and of the Grand Canon.

The thought which must be predominant in the mind of one who for 
the first time enters the Kaibab is of the Grand Canon. The fame of 
its grandeur is world-wide, and the desire to see it as it is grows stronger 
the nearer he approaches to it. This longing must be at least tempered 
if not wholly satisfied before the mind is in the humor to contemplate 
anything else. Our first expedition, then, bhall be to the brink of the 
great abyss.

As the sun is rising and before his beams have penetrated to the 
bottom of the park we are on the way. On either hand is the forest, 
covering the slopes and the heights above, but ending suddenly at the 
foot of every incline. Before us to the southward stretches the open 
field with hardly an undulation. Six or seven miles away we can see 
the sylvan walls approach each other, leaving a narrow gateway be­ 
tween the tall spruces where the surface of the ground for a moment is 
sharply projected against the sky. The scene is, on the whole, a very 
attractive one. There is a great wealth of vegetation, somber indeed, 
and monotonous, but the darkness of the tone is suggestive of depth 
and richness of color. The only alleviating contrast is between the 
smooth expanse of the park and the myriads of sharp spikes which 
terminate the tree tops. The spirit of the sconce is a calm, serene, and 
gente one, touched with a tinge of solemnity and melancholy.

About a mile from camp we came upon an object worthy of attention. 
It is rather a deep depression in the earth about 200 feet across and 
very nearly circular. Within it is a large pool of water. Its depth 
below the valley floor may be about 40 feet, and the depth of the water 
5 or 6 feet in the middle. It is a fair specimen of a frequent occurrence 
upon the Kaibab. I have never seen them elsewhere, and the explana­ 
tion is difficult. The interest lies in the mystery of their origin. In 
every day's ride we usually find three or fonr of them and sometimes 
more. Some of them contain water, but the majority do not. Some 
hold water throughout the year, some only in the early summer or until
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autumn. They vary in size and depth very considerably. Some are as 
narrow as 20 feet; some are 300 to 400 feet across. The depths vary 
from a yard or two to a hundred feet. The form is crater-like—always 
approximately circular. They do not appear to occur under any special 
set of conditions. They are found as often npon the platforms as in the 
valleys and are not uncommon upon the slopes of the ravines. In a few 
instances traces may be seen of rain gullies or washes leading into them, 
but not often, and none have ever been noted leading out of them. 
Whatever running water may enter them sinks within their basins ; 
but it is certain that many of them rarely receive any running war.et Tn 
the cases of those which do the wonder is that they do not soou fill up with 
sand and silt, for the water generated by heavy rain storms or by melt­ 
ing snows, when sufficient in volume to run in a stream, is always thick 
with mud. The scarcity of running water on the Kaibab has been men­ 
tioned. Yet the precipitation is comparatively great and the evapora­ 
tion small. It is apparent that all the water which falls upon its vast 
expanse, with the exception of a slight percentage evaporated, must sink 
into the earth, where it is doubtless gathered in subterranean drainage 
channels which open in the profonnd depths of the great amphitheaters 
of the Grand Canon. In those depths are large creeks of perennial 
water issuing from the openings of those underground passages. This 
implies a system of subterranean rivulets, but it is not more wonderful 
than the endless caverns in the limestones of Kentucky and Indiana, 
and it is probably not upon so large a scale nor so greatly ramified. 
It also argues a high degree of permeability both in the upper strata and 
in the overmanning soil. The water sifts through them as easily as 
through sand, and rarely gathers into streams even in the most copious 
showers or most rapid melting of the snow. Whether these "lagoons" 
and " sink-holes," 'as we termed them, are the openings of pipes lead­ 
ing down into the subterranean rivers and kept open by a gradual 
solution of the limestone, it is difficult to say. There are some diffi- 
jultes in the way of this theory.

Moving rapidly southward, at length we reach the Sylvan Gate at the 
lower end. Pa.ssing through we immediately find ourselves at the head 
of a second park very similar to De Motte's, but smaller, having a length 
of nearly three miles. It is named Little De Motte Park, and the Sylvan 
Gate occupies a divide between the two. It contains a large lagoon 
holding stagnant water. There is a chain of these parks reaching from 
the northern end of De Motte's southward, a distance of 25 miles, sepa­ 
rated only by necks of forest.

Our first objective point is a spring situated in one of the large ra­ 
vines which head in the heights overlooking these two parks. Without 
some foreknowledge of the way to reach it, or without a guide, it would 
be impossible to find it, aud the same is true of any other spring on the 
summit, but with this foreknowledge we seek the southwestern border 
of Little De Motte and enter the timber. During half an hour there is
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a miserable struggle with fallen trees and thick set branches of spruce 
and aspen, but at length the heights are gained, and we descend into a 
shallow ravine where the way is once more open. The winding glade with 
smooth bottom richly carpeted with long green grass, aglow with myr­ 
iads of beautiful blossoms is before us, and the tall trees are on either 
hand. Soon it leads into a larger one, and this into another, until at last 
the main ravine is reached. Very sweet and touching now are the influ­ 
ences of nature. The balmy air, the dark and somber spruces, the pale 
green aspens, the golden shafts of sunlight shot through their foliage, the 
velvet sward—surely this is the home of the woodland nymphs, and at 
every turn of the way we can fancy we are about to see them flying at 
our approach, or peeping at us from the flowery banks.

By half-past ten the spring is reached. Next to the Big Spring, in 
Stewart's Canon, it is the largest on the summit of the plateau. Here, 
too, is the only semblance of running water, for the stream flows a little 
more than half a mile before it sinks. The water is cold and delicious. 
It has a faint whitish cast like that which would be produced by putting 
a drop or two of milk into a bucket of pure water. I presume it is caused 
by a fine precipitate of lime. We called it the " Milk Spring." 
Pausing here for a hasty lunch, and to fill the kegs (for to-night we may 
make a " dry" camp), we push on. We climb out of the ravine, and in 
fact we only came here to obtain water, as it is the only place near to 
the point of destination at which water can be procured. The route 
now becomes more rugged, leading across ravines and over intervening 
ridges, crossing the grain of the country,'so to speak. But it is not diffi­ 
cult, for the pines have taken place of the spruces, and where the pines 
predominate the forest is very open. For eight miles from the Milk Spring 
we continue to cross hills and valleys, then follow a low swale shaded by 
giant pines with trunks three to four feet in thickness. The banks are a 
parterre of flowers. On yonder hillside, beneath one of thesekingly trees, 
io a spot which seems to glow with au unwonted wealth of floral beauty. 
It is scarcely a hundred yards distant; let us pluck a bouquet from it. 
We ride up the slope.

The earth suddenly sinks at our feet to illimitable depths. In an in­ 
stant, in the twinkling of an eye, the awful scene is before us.



CHAPTER VII.
POINT SUBLIME.

Wherever we reach the Grand Canon iu the Kaibab it bursts upon 
the vision iu a moment. Seldom is any warning given that we are near 
the bi ink. At the Toroweap it is quite otherwise. There we are notified 
that we are uear.it a day before we reach it. As the final march to that 
portion of the chasm is made the scene gradually develops, growing by 
insensible degrees more grand until at last we stand upon the brink of 
the inner gorge, where all is before us. In the Kaibab the forest 
reaches to the sharp edge of the cliff and the pine trees shed their cones 
into the fathomless depths below.

If the approach is made at random, with no idea of reaching auy 
particular point by a known route, the probabilities are that it is first 
seeu from the rim of one of the vast amphitheaters which set back from 
the main chasm far into the mass of the plateau. It is such a point to 
which the reader has been brought in the preceding chapter. Of course 
there are degrees in the magnitude and power of the pictures presented, 
but the smallest and least powerful is tremendous and too great for 
comprehension. The scenery of the amphitheaters far surpasses in 
grandeur and nobility anything else of the kind in auy other region, 
but it is mere by-play iu comparison with the panorama displayed m 
the heart of the canon. The supreme views are to be obt&ined at the 
extremities of the long promontories,- which jut out between these 
recesses far into the gulf. Towards such a point we now direct onr 
steps. The one we have chosen is on the whole the most commanding 
ju the Kaibab front, though there are several^others which might be 
regarded as very nearly equal to it, or as even more imposing in some 
respects. We named it Point Sublime.

The route is of the same character as that we have already traversed— 
opeu pine forest, with smooth and gently rolling ground. The distance 
from the point where we first touched the rim of the amphitheater is 
about five miles. Nothing is seen of the chasm until about a mile from 
the end we come onco more upon the brink. Eeacbiug the extreme 
verge the packs are cast off aud sitting upon the edge we contemplate 
the most sublime and awe inspiring spectacle m the world.

The Grand Canon of the Colorado is a great innovation in modern 
ideas of scenery, and in our conceptions of the grandeur, beauty, and 
power of nature. As with all great innovations it is not to be compre­ 
hended in a day or a week, nor even in a mouth. It must be dwelt 
upou and studied, and the study must comprise the slow acquisition of
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" 14.—A lateral amphitheater of the second order.

the meaning and spirit of that marvelous scenery which characterizes 
the Plateau country, and of which the great chasm is the superlative 
manifestation. The study and slow mastery of the influences of that 
class of scenery and its full appreciation is a special culture, requiring 
time, patience, and long familiarity for its consummation. The lover of 
nature, whose perceptions have been trained in the Alps, in Italy, Ger­ 
many, or New England, in the Appalachians or Cordilleras, in Scotland 
or Colorado, would euter this strange region with a shock, and dwell 
there for a time with a sense of oppression, and perhaps with horror.
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Whatsoever things he had learned to regard as beautiful and noble he 
would seldom or never see, and whatsoever he might see would appear 
to him as anything but beautiful and noble. Whatsoever might be bold 
and striking would at first seem only grotesque. The colors would be 
the very ones he had learned to shun as tawdry aud bizarre. The 
tones aud shades modest and tender, subdued yet rich, in which his 
fancy had always taken special delight, would be the ones which are 
conspicuously absent. But time would bring a gradual change. Some 
day he would suddenly become conscious that outlines which at first 
seemed harsh and trivial have grace and meaning; that forms which 
seemed grotesque are full of dignity; that magnitudes which had added 
enormity to coarseness have become replete with strength aud even 
majesty; that colors which had been esteemed unrefined, immodest, 
and glaring, are as expressive, tender, changeful, and capacious of effects 
as any others. Great innovations, whether in art or literature, m scieuce 
or in nature, seldom take the world by storm. They must be under­ 
stood before they can be estimated, and must be cultivated before they 
can be understood.

It is so with the Grand Canon. The observer who visits its command­ 
ing points with the expectation of experiencing forthwith a rapturous 
exaltation, au ecstacy arising from the realization of a degree of grandeur 
and sublimity never felt before, is doomed to disappointment. Suppos­ 
ing him to be but little familiar with plateau scenery, he will be simply 
bewildered. Must he therefore pronounce it a failure, an overpraised 
thing? Must he entertain a just resentment towards those who may 
have raised his expectations too high? The answer is that subjects 
which disclose their full power, meaning, and beauty as soon as they 
are presented to the mind have very little of those qualities to disclose. 
Moreover a visitor to the chasm or to any other famous scene must neces­ 
sarily come there (for so is the human mind constituted) with a picture 
of it created by his own imagination. He reaches the spot, the conjured 
picture vanishes in an instant, and the place of it must be filled anew. 
Surely no imagination can construct out of its own material any picture 
having the remotest resemblance to the Grand Caiiou. In truth the 
first step in attempting a description is to beg the reader to dismiss 
from his mind, so far as practicable, any preconceived notion of it.

Those who have long and carefully studied the Grand Canon of the 
Colorado do not hesitate for amoment to pronounce it by far theinostsub- 
lime of all earthly spectacles. If its sublimity consisted only in its 
dimensions, it could be sufficiently set forth in a single sentence. It is 
more than 200 miles loug, from 5 to 12 miles wide, and from 5,000 to 
6,000 feet deep. There are m the world valleys which are longer and a 
few which are deeper. There are valleys flanked by summits loftier 
than the palisades of the Kaibab. Still the Grand Canon is the sub- 
limest thing on earth. It is so not alone by virtue of its magnitudes, 
but T)y virtue of the whole—its ensemble.
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The common notion of a canon is that of a deep, narrow gash in the 
earth, with nearly vertical walls like a great and neatly cut trench. 
There are hundreds of chasms m the Plateau country which answer 
very well to this notion. Many of them are sunk to frightful depths and 
are fifty to a hundred miles in length. Some are exceedingly narrow, as 
the canons of the forks of the Virgen, where the overhanging walls shut 
out the sky. Some are intricately sculptured, and illuminated with bril­ 
liant colors; others are picturesque by reason of their bold and striking 
sculpture. A few of them are most solemn and impressive by reason of 
their profundity and the majesty of their walls. But as a rule the com­ 
mon canons are neither grand nor even attractive. Upon first acquaint­ 
ance they are curious and awaken interest as a new sensation, but they 
soon grow tiresome for want of diversity, and become at last mere bores. 
The impressions they produce are very transient, because of their great 
simplicity and the limited range of ideas they present. But there are 
some which are highly diversified, presenting many attractive features. 
These seldom gi >w stale or wearisome, and their presence is generally 
greeted with pleasure.

It is perhaps in some respects unfortunate that the stupendous path­ 
way of the Colorado Eiver through the ELaibabs was ever called a canon, 
for the name identifies it with the baser conceptiou. But the name pre­ 
sents as wide a range of signification as the word house. The log cabin 
of the rancher, the painted and vine-clad cottage of the mechanic, the 
home of the millionnaire, the places where parliaments assemble, and the 
grandest temples of worship, are all houses. Yet the contrast between 
Saint Marc's and the rude dwelling of the frontiersman is not greater 
than that between the cbasin of the Colorado and the trenches in the 
rocks which answer to the ordinary conception of a canon. And as a 
great cathedral is an immense development of the rudimentary idea 
involved in the four walls and roof of a cabin, so is the chasm an expan­ 
sion of the simple type of drainage channels peculiar to the Plateau 
country. To the conceptiou of its vast proportions must be added some 
notion of its intricate plan, the nobility of its architecture, its colossal 
buttes, its wealth of ornamentation, the splendor of its colors, and its 
wonderful atmosphere. All of these attributes combine with infinite 
complexity to produce a whole which at first bewilders and at length 
overpowers.

From the end of Point Sublime, the distance across the chasm to the 
nearest point in the summit of the opposite wall, is about 7 miles. This, 
however does not fairly express the width of the chasm, for botli walls 
are recessed by wide amphitheaters, setting far back into the platform 
of the country and the promontories are comparatively narrow strips be­ 
tween them. A more correct statement of the general width would be 
from 11 to 12 miles This must dispose at once of the idea that the 
chasm is a narrow gorge of immense depth and simple form. It is some­ 
what unfortunate that there is a prevalent idea that in some way an 
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essential part of the grandeur of the Grand Canon is the narrowness of 
its denies. Much color has been given to this notion by the first illustra­ 
tions of the canon from the pencil of Egloffstein in the celebrated report 
of Lieutenant Ives. Never was a great subject more artistically mis­ 
represented or more charmingly belittled. Nowhere in the Kaibab sec­ 
tion is any such extreme narrowness observable, and even in the Uin- 
.karet section the width of the great inner gorge is a little greater than 
the depth. In truth a little reflection will show that such a character 
would be inconsistent with the highest and strongest effects. For it is 
obvious that some notable width is necessary to enable the eye to see the 
full extent of the walls. In a chasm one mile deep, and only a thousand 
feet wide, this would be quite impossible. If we compare the Marble 
Canon or I he gorge at the Toroweap with wider sections it will at once be 
seen that the wider ones are much stronger. If we compare one of the 
longer alcoves having a width of 3 or 4 miles with the view across the 
main chasm the advantage will be very decidedly with the latter. It 
is evident that for the display of wall surface of given dimensions a cer­ 
tain amount of distance is necessary. We may be too near or too far 
for the right appreciation of its magnitude and proportions. The dis­ 
tance must bear some ratio to the magnitude. But at what precise 
limit this distance must in the present case be fixed is not easy to deter­ 
mine. It can hardly be doubted that if the cauon were materially nar­ 
rower it would suffer a loss of grandeur and effect.

The length of canon revealed clearly and in detail at Point Sublime 
is about 25 miles in each direction. Towards the northwest the vista 
terminates behind the projecting mass of PowelPs Plateau. But again 
to the westward may be seen the crests of the upper walls reaching 
through the Kanab and Uinkaret Plateaus, and finally disappearing 
in the haze about 75 miles away.

The space under immediate view from our stand-point, 50 miles long 
and 10 to 12 wide, is thronged with a great multitude of objects so vast 
in size, so bold and majestic in form, so infinite in their details, that as the 
truth grauuaUy reveals itself to the perceptions it arouses the strongest 
emotions. Unquestionably the overruling feature is the colossal wall 
on the opposite side of the gulf. Can mortal fancy create a picture of a 
mural front a mile in height, 7 to 10 miles distant, and receding into space 
indefinitely in either direction? As the mind strives to realize its pro­ 
portions its spirit is broken and its imagination completely crushed. 
If the wall were simple in its character, if it were only blank and sheer, 
some rest might be found in contemplating it; but it is full of diversity 
and eloquent with grand suggestions. It is deeply recessed by alcoves 
and amphitheaters receding lar into the plateau beyond, and usually 
disclosing only the portals by which they open into the main chasm. 
Between them the promontories jut out, ending in magnificent gables 
with sharp mitered angles. Thus the wall rambles in and out, turning 
numberless corners. Many of the angles are acute and descend as sharp
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spurs like the forward edge of a plowshare. Only those alcoves which 
are directly opposite to us can be seen in their full length and depth. 
Yet so excessive, nay so prodigious, is the effect of foreshortening, that it 
is impossible to realize their full extensions. We have already noted 
this effect in the Vermilion Cliffs, but here it is much more exaggerated. 
At many points the profile of the fagade is thrown into view by the 
change of trend, and its complex character is fully revealed. Like that 
of the Vermilion Cliffs, it is a series of many ledges and slopes, like a 
molded plinth, in which every stratum is disclosed as a line or a course 
of masonry. The Red Wall limestone is the most conspicuous member, 
presenting its vertical face eight hundred to a thousand feet high, and 
ever}"where unbroken. The thinner beds more often appear in the 
slopes as a succession of ledges projecting through the scanty talus 
which never conceals them.

Numerous detached masses are also seen flanking the ends of the long 
promontories. These buttes are of gigantic proportions, and yet so over­ 
whelming is the effect of the wall against which they are projected that 
they seem insignificant in mass, and the observer is often deluded by 
them, failing to perceive that they are really detached from the wall 
and perhaps separated from it by an interval of a mile or two.

At the foot of this palisade is a platform through which meanders the 
inner gorge in whose dark and somber depths flows the river. Only in 
one place can the water surface be seen. In its windings the abyss, 
which holds it extends for a short distance towards us and the line of 
vision enters the gorge lengthwise. Above and below this short reach 
the gorge swings its course in other directions and reveals only a dark, 
narrow opening, while its nearer wall hides its depths. This inner chasm 
is 1,000 to 1,200 feet deep. Its upper 200 feet is a vertical ledge of 
sandstone of a dark rich brownish color. Beneath it lies the granite 
of a dark iron-gray shade, verging towards black, and lending a gloomy 
aspect to tbe lowest deeps. Perhaps a half mile of the river is disclosed. 
A pale, dirty red, without glimmer or sheen, a motionless surface, a 
small featureless spot, inclosed in the dark shade of the granite, is all 
of it that is here visible. Yet we know it is a large river, a hundred 
and fifty yards wide, with a headlong torrent foaming and plunging 
over rocky rapids.

A little, and only a little, less impressive than the great wall across the 
chasm are the buttes upon this side. And such buttes! All others in 
the West, saving only the peerless Temples of the Virgen, are mere trifl.es 
in comparison with those of the Grand Caiion. In nobility ot form, beauty 
of decoration, and splendor of color, the Temples of the Virgen must, on 
the whole, be awarded the palm ; but those of the Grand Canon, while 
barely inferior to them in those respects, surpass them in magnitude and 
fully equal them in majesty. But while the Valley of the Virgen pre­ 
sents a few of these superlative creations, the Grand Canon presents 
them by dozens. In this relation the comparison would be analogous
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to cue between a fine cathedral town and a metropolis like London 
or Paris. In truth, there is only a very limited ground of comparison 
between the two localities, for in style and effects their respective struct­ 
ures differ as decidedly as the works of any two well developed and 
strongly contrasted styles of human architecture.

Whatsoever is forcible, characteristic, and picturesque in the rock- 
forms of the Plateau country is concentrated and intensified to the utter­ 
most in the buttes. Wherever we find them, whether fringing the long 
escarpments of terraces or planted upon broad mesas, whether in canons 
or upon expansive plains, they are always bold and striking in outline 
and ornate in architecture. Upon their flanks and entablatures the deco­ 
ration peculiar to the formation out of which they have been carved is 
most strongly portrayed anil the profiles are most sharply cut. They 
command the attention with special force and quicken the imagination

FIG. 15.—Pinnacles on the brink.

with a singular power. The secret of their impressiveness is doubtless 
obscnre. Why one form should be beautiful and another unattractive; 
why one should be powerful, animated, and suggestive, while another 
is meaningless, are questions for the psychologist rather than the 
geologist. Sufficient here is the fact. Yet there are some elements of 
impressiveness which are too patent to escape recognition. In nearly 
all buttes there is a certain definiteness of form which is peculiarly em­ 
phatic, and this is seen in their profiles. Their ground-plans are almost 
always indefinite and capricious, but the profiles are rarely so. These 
are usually composed of lines which have an approximate and sometimes
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a sensibly perfect geometrical definition. They are usually few and sim­ 
ple in their ultimate analysis, though by combination they give rise to 
much variety. The ledges are vertical, the summits are horizontal, and 
the taluses are segments of hyperbolas of long curvature and concave 
upwards. These lines greatly preponderate in all cases, and though 
others sometimes intrude they seldom blemish greatly the effects pro­ 
duced by the normal ones. All this is in striking contrast with the ever- 
varying, indefinite profiles displayed in mountains and hills or on the 
slopes of valleys. The profiles generated by the combinations of these 
geometric lines persist along an indefinite extent of front. Such vari­ 
ations as occur arise not from changes in the nature of the lines, but in 
the modes of combination and proportions. These are never great in 
any front of moderate extent, but are just sufficient to relieve it from -i 
certain monotony which would otherwise prevail. The same type and 
general form is persistent. Like the key-note of a song, the mind carries 
it in its consciousness wherever the harmony wanders.

The horizontal lines or courses are equally strong. These are the 
edges of the strata, and the deeply eroded soams where the superposed 
beds touch each other. Here the uniformity as we pass from place to 
place is conspicuous. The Carboniferous strata are quite the same in 
every section, showing no perceptible variation in thickness through 
great distances aud only a slight dip.

It is readily apparent, therefore, that the effect of these profiles and 
horizontal courses so persistent in their character is highly architectural. 
The relation is more than a mere analogy or suggestion; it is a vivid 
resemblance. Its failure or discordance is only in the ground plan, though 
it is jiot uncommon to find a resemblance, even in this respect, among 
the/Permian buttes. Among the buttes of the Grand Canon there are 
few striking instances of definiteness in ground plan. The finest Lutte 
of the chasm is situated near the upper end of the Kaibab division; 
but it is not visible from Point Sublime. It is more than 5,000 feet 
high, and has a surprising resemblance to an Oriental pagoda. We 
named it Vishnu's Temple.

On either side of the promontory on which we stand is a side gorge 
sinking nearly 4,000 feet lielow us. The two unite in front of the point, 
and, ever deepening, their trunk opens into the lowest abyss in the granite 
at the river. Across either branch is a long rambling mass, one on the 
right of us the other on the left. We named them the Cloisters. They 
are excellent types of a whole class of buttes which stand in close prox­ 
imity to each other upon the north side of the chasm throughout the 
entire extent of the Kaibab division. A far better conception of their 
forms and features can be gained by an examination of Mr. Holmes's 
panoramic picture than by reading a whole volume of verbal descrip­ 
tion. The whole prospect, indeed, is filled with a great throng of similar 
objects, which, as much by their multitude as by their colossal size, con­ 
fuse the senses; but these, on account of their proximity, may be most
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satisfactorily studied. The infinity of sharply defined detail is amazing. 
The eye is instantly caught and the attention firmly held by its sys­ 
tematic character. The parallelism of the lines of bedding is most forci­ 
bly displayed in all the windings of the facades, and these lines are 
crossed by the vertical scorings of numberless water-ways. Here, top, 
are distinctly seen those details which constitute the peculiar style of 
decoration prevailing throughout all the buttes and amphitheaters of 
the Knibab. The course of the walls is never for a moment straight, 
but extends as a series of cusps ami re-entrant curves. Elsewhere the 
reverse is more frequently seen ; the projections of the wall are rounded 
aud are convex towards the front, while there-entrant portions are cusp, 
like recesses. This latter style of decoration is common in the Permian 
bnttes aud is not rare in the Jurassic. It produces the effect of a thickly 
set row of pilasters. In the Grand Canon the reversal of this mode pro­ 
duces the effect of panels and niches. In the western Cloister may be 
seen a succession of these niches, and though they are mere details 
among myriads, they are really vast in dimensions. Those seen in the 
Eed Wall limestone are over-700 feet high, and are overhung by arched 
lintels with spandrels.

As we contemplate these objects we find it quite impossible to real­ 
ize their magnitude. Not only are we deceived, but we are couscious 
that we are deceived, and yet we cannot conquer the deception. We 
cannot long study our surroundings without becoming aware of an 
enormous disparity in the effects produced upon the senses by objects 
which are immediate and equivalent ones which are more remote. The 
depth of the gulf which separates us from the Cloisters cannot be real­ 
ized. We crane over the brink, and about 700 feet below is a talus, 
which ends at the summit of the cross-bedded sandstone. We may^see 
the bottom of the gorge, which is about 3,800 feet beneath us, and yet 
the talus seems at least half way down. Looking across the side gorge 
the cross-bedded sandstone is seen as a mere band at the summit of the 
Cloister, forming but a very small portion of its vertical extent, and 
whatever the reason may conclude, it is useless to attempt to persuade 
the imagination that the two edges of the sandstone lie in the same 
horizontal plane. The eastern Cloister is nearer than the western, its 
distance being about a mile and a half. It seems incredible that it 
can be so much as one-third that distance. Its altitude is from 3,500 
to 4,000 feet, but any attempt to estimate the altitude by means of 
visual impressions is felt at once to be hopeless. There is no stadium. 
Dimensions mean nothing to the senses, and all that we are conscious 
of in this respect is a troubled sense of immensity.

Beyond the eastern Cloister, five or six miles distant, rises a gigantic 
mass which we named Shiva's Temple. It is the grandest of all the 
buttes. and the most majestic in aspect, though not the most ornate. 
Its mass is as great as the mountainous part of Mount Washington. 
That summit looks down 6,000 feet into the dark depths of the inner
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abyss, over a succession of ledges as impracticable as the face of Bunker 
Hill Monument. All around it are side gorges sunk to a depth nearly 
as profound as that of the main channel. It stands in the midst of a 
great throng of cloister-like buttes, with the same noble profiles and 
strong lineaments as those immediately before us, with a plexus of awful 
chasms between them. In such a stupendous scene of wreck it seemed 
as if the fabled "Destroyer" might find an abode not wholly uncongenial.

In all the vast space beneath and around ns there is very little upon 
which the mind can linger restfully. It is completely filled with objects 
of gigantic size and amazing form, and as the mind wanders over them 
it is hopelessly bewildered and lost. It is useless to select special points 
of contemplation. The instant the attention lays hold of them it is drawn 
to something else, and if it seeks to recur to them it cannot'find them. 
Everything is superlative, transcending the power of the intelligence 
to comprehend it. There is no central pointer object around which the 
other elements are grouped and to which they are tributary. The grand­ 
est, objects are merged in a congregation of others equally grand. Hun­ 
dreds of these mighty structures, miles in length, and thousands of feet 
in height, rear their majestic heads out of the abyss, displaying their 
richly-molded plinths and friezes, thrusting out their gables, wing-walls, 
buttresses, and pilasters, and recessed with alcoves and panels. If any 
one of these stupendous creations had been planted upon the plains of 
Central Europe it would have influenced modern art as profoundly as 
Fusiyauia has influenced the decorative art of Japan. Yet here they are 
all swallowed up in the confusion of multitude. It is not alone the mag­ 
nitude of the individual objects that makes this spectacle so portentous, 
but it is still more the extravagant profusion with which they are ar 
rayed along the whole visible extent of the broad chasm.

The color effects are rich and wonderful. They are due to the inherent 
colors of the rocks, modified by the atmosphere. Like any other great 
series of strata in the Plateau Province, the Carboniferous has its own 
range of characteristic colors, which might serve to distinguish it even 
if we had no other criterion. The summit strata are pale gray, with a, 
faint yellow ish cast. Beneal h them the cross-bedded sandstone appears 
showing a mottled surface of pale pinkish hue. Underneath this member 
are nearly 1,000 feet of the lower Aubrey sandstones, displaying an in­ 
tensely brilliant red, which is somewhat masked by the talus shot down 
from the grey, cherty limestones at the summit. Beneath the lower 
Aubrey is the face of the Eed Wall limestone, from 2,000 to 3,000 feet 
high. It has a strong red color, but a very peculiar one. Most of the 
red strata of the west have the brownish or vermilion tones, but these 
are rather purplish-red, as if the pigment had been treated to a dash 
of blue. It is not quite certain that this may not arise in part from 
the intervention of the blue haze, and probably it is rendered more con­ 
spicuous by this cause; but, on the whole, the purplish cast seems to 
be inherent. This is the dominant color-mass of the canon, for the ex-
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pause of rock surface displayed is more than half in the Bed Wall group. 
It is less brilliant than the fiery red of the Aubrey sandstones, but is 
still quite strong and rich. Beneath are the deep browns of the lower 
Carboniferous. The dark iron-black of the hoinblendic schists revealed 
in the lower gorge makes but little impression upon the boundless expanse 
of bright colors above.

The total effect of the entire color-mass is bright and glowing. There 
is nothing gloomy or dark in the picture except the opening of the inner 
gorge, which is too small a feature to influence materially the prevailing 
tone. Although the colors are bright when contrasted with normal 
landscapes, they are decidedly less intense than the flaming hues of the 
Trias or the dense cloying colors of the Permian ; nor have they the 
refinement of those revealed m the Eocene. The intense luster which 
gleams from the rocks of the Plateau country is by no means lost here 
but is merely subdued and kept under some restraint. It is toned down 
and softened without being deprived of its character. Enough of it ib 
left to produce color effects not far below those that are yielded by the 
Jura-Trias.

But though the inherent colors are less intense than some others, yet 
under the quickening influence of the atmosphere they produce effects 
to which all others are far inferior. And here language fails and de­ 
scription becomes impossible. Not only are their qualities exceedingly 
subtle, but they have little counterpart in common experience. If such 
are presented elsewhere they are presented so feebly and obscurely that 
only the most discriminating and closest observers of nature ever seize 
them, and they so imperfectly that their ideas of them are vague and 
but half real. There are no concrete notions founded in experience upon 
which a conception of these color effects and optical delusions can be 
constructed and made intelligible. A perpetual glamour envelops the 
landscape. Thing are not what they seem, and the perceptions cannot 
tell us what they are. It is not probable that these effects are different 
in kind in the Grand Caflon from what they are in other portions of the 
Plateau country. But the difference in degree is immense, and being 
greatly magnified and intensified many characteristics become palpable 
which elsewhere elude the closest observation.

In truth, the tone and temper of the landscape are constantly varying, 
and the changes in its aspect are very great. It is never the same, even 
from day to day, or even from hour to hour. In the early morning its 
mood and subjective influences are usually calmer and more full of 
repose than at other times, but as the sun rises higher the whole scene 
is so changed that we cannot recall our first impressions. Every pass­ 
ing cloud, every change in the position of the sun recasts the whole. 
At Hunset the pageant closes amid splendors that seem more than 
earthly. The direction of the full sunlight, the massing of the shadows, 
the manner in which the side-lights are thrown in from the clouds deter­ 
mine these modulations, and the sensitiveness of the picture to the 
slightest variations in these conditions is very wonderful.
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The shadows thrown by the bold abrupt forms are exceedingly dark. 
It is almost impossible at the distance of a very few miles to distinguish 
even broad details in these shadows. They are like remnants of mid­ 
night unconquered by the blaze of noonday. The want of half tones 
and gradations in the light and shade, which has already been noted in 
the Vermilion Cliffs, is apparent here, and is far more conspicuous. Our 
thoughts in this connection may suggest to us a still more extreme case 
of a similar phenomenon presented by the half-illuminated moon when 
viewed through a large telescope. The portions which catch the sunlight 
shme with great luster but the shadows of mountains and cliffs are black 
and impenetrable. But there is one feature in the canon which is cer­ 
tainly extraordinary. It is the appearance of the atmosphere against 
the background of shadow. It has a metallic Inster which must be seen to 
be appreciated. The great wall across the chasm presents at noonday, 
under a cloudless sky, a singularly weird and unearthly aspect. The 
color is for the most part gone. In place of it comes this metallic glare 
of the haze. The southern wall is never so poorly lighted as at noon. 
Since its face consists of a series of promontories projecting towards the 
north, these projections catch the sunlight on their eastern sides in the 
forenoon, and upon their western sides in the afternoon; but near merid­ 
ian the rays fall upon a few points only, and even upon these with very 
great obliquity. Thus at the hours of greatest general illumination the 
wall is most obscure and the abnormal effects are then presented most 
forcibly. They give rise to strange delusions. The rocks then look 
nearly black, or very dark grey and covered with feebly shining spots. 
The haze is strongly luminous, and so dense as to obscure the details 
already enfeebled by shade as if a leaden or mercurial vapor intervened. 
The shadows' antagonize the perspective, and everything seems awry. 
The lines of stratification, dimly seen in one place and wholly effaced iu 
another, are strangely belied and the strata are given apparent atti­ 
tudes which are sometimes grotesque and sometimes impossible.

Those who are familiar with western scenery have, no doubt, been im­ 
pressed with the peculiar character of its haze, or atmosphere in the ar­ 
tistic sense of the word, and have noted its more prominent qualities. 
When the air is free from common smoke it has a pale blue color which 
is quite unlike the neutral gray of the east. It is always appar­ 
ently more dense when we look towards the sun than when we look 
away from it, and this difference in the two directions, respectively, is a 
maximum near sunrise and sunset. This property is universal, but its 
peculiarities in the Plateau Province become conspicuous when thestrong 
rich colors of the rocks are seen through it. The very air is then visible. 
We see it, palpably, as a tenuous fluid and the rocks beyond it do not ap­ 
pear to be colored blue as they do in other regions but reveal themselves 
clothed in colors of their own. The Grand Canon is ever full of this 
haze. It fills it to the brim. Its apparent density, as elsewhere, is va­ 
ried according to the direction in which it is viewed and the position of
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the sun; but it seems also to be denser and more concentrated than 
elsewhere. This is really a delusion arising from the fact that the 
enormous magnitude of the chasm and of its component masses dwarfs 
the distances; we are really looking through miles of atmosphere under 
the impression that they are only so many furlongs. This apparent con­ 
centration of haze, however, greatly intensifies all the beautiful or mys- 
tenons optical effects which are dependent upon the intervention of 
the atmosphere.

Whenever the brink of the chasm is reached the chances are that the 
sun is high and these abnormal efl'ects in full force. The canon is asleep. 
Or it is under a spell of enchantment which gives its bewildering mazes 
an aspect still more bewildering. Throughout the long summer fore- 
noou the charm which binds it grows in potency. At midday the clouds 
begin to gather, first in fleecy flecks, then in cumuli and throw their 
shadows into the gulf. At once the scene changes. The slumber of the 
chasm is disturbed. The temples and cloisters seem to raise themselves 
half awake to greet the passing shadow. Their wilted, di'ooping, flat­ 
tened faces expand into relief. The long promontories reach out from 
the distant wall as if to catch a moment's refreshment from the shade. 
The colors begin to glow; the haze loses its opaqne density and becomes 
more tenuous. The shadows pass, and the chasm relapses into its dull 
sleep again. Thus through the midday hours it lies in fitful slumber, 
overcome by the blinding glare and withering heat, yet responsive to 
every fluctuation of light and shadow like a delicate organism.

As the suu moves far into the west the scene again changes, slowly 
and imperceptibly at first, but afterwards more rapidly. In the hot 
summer afternoons the sky is full of cloud-play and the deep flushes 
with ready answers. The banks of snowy clouds pour a flood of light 
sidewihe into the shadows and light up the gloom of the amphitheaters 
and alcoves, weakening the glow of the haze and rendering visible the 
details of the wall faces. At length as the sun draws near the horizon 
the great drama of the day begins.

Throughout the afternoon the prospect has been gradually growing 
clearer. The haze has relaxed its steely glare and has changed to a veil 
of transparent blue. Slowly the myriads of details have come out and 
the walls are flecked with lines of minute tracery, forming a diaper of 
light and shade. Stronger and sharper becomes the relief of each pro­ 
jection. The promontories come forth from the opposite wall. The sin­ 
uous lines of stratification which once seemed meaningless, distorted, and 
even chaotic, now range themselves into a true perspective of graceful 
curves, threading the scallop edges of the strata. The colossal buttes 
expand in every dimension. Their long narrow wings, which once were 
folded together and flattened against each other, open out, disclosing 
between them vast alcoves illumined with Rembrandt lights tinged with 
the pale refined bine of the ever-present haze. A thousand forms, hith­ 
erto unseen or obscure, start up within the abyss, and stand forth in
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strength anil animation. All things seem to grow in beauty, power, and 
dimensions. What was grand before has become majestic, the majestic 
becomessublime, and, ever expanding and developing, the sublime passes 
beyond the reach of our faculties and becomes transcendent. The colors 
have come back. Inherently rich and strong, though not superlative 
under ordinary lights, they now begin to display an adventitious brill­ 
iancy. The western sky is all aflame. The scattered banks of cloud 
and wavy cirrhus have caught the waning splendor, and shine with 
orange and crimson. Broad slant beams of yellow light, shot through 
the glory-rifts, fall on turret and tower, on pinnacled crest, and winding 
ledge, suffusing them with a radiance less iulsome, but akin to that 
which flames in the western clouds. The summit band is brilliant yel­ 
low; the next below is pale rose. But the grand expanse within is a 
deep, luminous, resplendent red. The climax has now come. The blaze 
of sunlight poured over an illimitable surface of glowing red is flung 
back into the gulf, and, commingling with the blue haze, tnrns it into a 
sea of purple of most imperial hue—so rich, so strong, so pure that 
it makes the heart ache and the throat tighten. However vast the mag­ 
nitudes, however majestic the forms, or sumptuous the decoration, it is 
in these kingly colors that the highest glory of the Grand Canon is re­ 
vealed.

At length the sum sinks and the colors cease to burn. The abyss 
lapses back into repose. Bnt its glory mounts upward and diffuses 
itself in the sky above. Long streamers of rosy light, rayed out from 
the west, cross the firmament and converge again in the east ending in 
a pale rosy arch, which rises like a low aurora just above the eastern 
horizon. Below it is the dead gray shadow of the world. Higher and 
higher climbs the arch followed by the darkening pall of gray, and as it 
ascends it fades and disappears, leaving no color except the after-glow 
of the western clouds, and the lusterless red of the chasm below. Within 
the abyss the darkness gathers Gradually the shades deepen and 
ascend, hiding the opposite wall and enveloping the great temples. For 
a few moments the summits of these majestic piles seem to float upon 
a sea of blackness, then vanish in the darkness, and, wrapped in the 
impenetrable mantle of the night, they await the glory of the coming 
dawn.



CHAPTER VIII.
THE EXCAVATIOX OP THE CHASM.

The excavation of the Grand Canon and the sculpture of its walls and 
buttes are the results of two processes acting in concert—corrosion and 
weathering. In discussing them it is necessary to take into the account 
the peculiar conditions under which they have operated; conditions 
which have no parallel in any other part of the world.

In common parlance it is customary to say, for brevity's sake, that the 
rivers have cut their canons; but the expression states only a part of 
the truth. The river has in reality cut only a narrow trench no wider 
than the river's water surface. It has been the vehicle which has car­ 
ried away to another part of the world the materials which have been 
torn irom the strata by corrasion and weathering. Opening laterally into 
the main chasm are many amphitheaters excavated back into the plat­ 
form of the country. At the bottom of each of them is a stream-bed 
over which in some cases a perenni il river flows, while in other cases 
the flows are spasmodic. Like the trunk river these streams have cor- 
raded their channels to depths varying somewhat among themselves, 
but generally a little less than the depth of the central chasm. These 
tributaries often fork, and the forks are iii the foregoing respects quite 
homologous to the main amphitheaters. Down the faces of the walls 
and down the steep slopes of the taluses run thousands of rain gullies. 
When the rain comes freely it gathers into rills which cascade down 
the wall clefts and rush headlong through the troughs in the talus carry­ 
ing an abundance of sand and grit. These waters scour out their little 
channels in much the same way as their united waters cut down their 
beds in the amphitheaters of the second and first orders, and in the main 
chasm itself. But the work of flowing water, whether in the main chan­ 
nel or in an amphitheater, or in a gully or cranny of the cliff, is limited 
to two functions. The first is the cutting of a channel no wider than 
the surface of the stream ; the second is the transportation of the debris. 
Corrasion alone then could never have made the Grand Canon what it 
is. Another process, acting conjointly with corrasiou and dependent 
upon it, has effected by far the greater part of the excavation. This 
other process is weathering. In order to comprehend their combined 
action it is necessary to study their action in detail, and to study also the 
special conditions under which they have operated here. We shall find 
the subject a very complicated one. 
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CORRASION.

Mr. G. K. Gilbert has embodied in his admirable monograph on the 
Henry Mountains, a chapter on Land Sculpture, which sets forth in 
most logical and condensed form the mechanical principles which enter 
into the problems of erosion. In his analysis may be found a discussion 
of the conditions under which the sculpturing forces and processes 
achieve such peculiar results as we observe in the Plateau country.

Theperusalof thatchapterwill give to the geologist's comprehension of 
the subject a most delightful definiteness and precision, and the reader, 
however learned he may be, will take great satisfaction in finding a 
subject so complex made so intelligible. The principles laid down by 
Mr. Gilbert will be adopted here and applied. For that purpose I quote 
from the chapter referred to snch statements as are of immediate service.

The mechanical wear of streams is performed by the aid of hard mineral fragments 
carried along by the current. The effective force is that of the current; the tools are 
mud, sand, and bowlders. The moat important of them is sand; it is chiefly by the 
impact and friction of grains of sand that the rocky beds of streams are disintegrated.

Where a stream has all the load of a given degree of comminution which it is 
capable of carrying, the entire energy of the descending water and load ia consumed 
in the translation of the water and load, and there is none applied to corrasion If 
it has an excess of load, its velocity is thereby diminished so as to lessen its competence 
and a portion is dropped. If it has less than a full load, it ia in condition to receive 
more, and it corrades its bottom. A fully-loaded stream is on the verge between cor­ 
rasion and deposition. * * * The work of transportation may thns monopolize ft 
stream to the exclusion of corrasion, or the two works may be carried forward at the 
same time.

The rapidity of mechanical corrasion depends on the hardness, size, and number 
of the transient fragments, on the hardness of the rock-bed, and on the velocity of the 
stream. * « » The element of velocity is of double importance, since it determines 
not only the speed, but, to a great extent, the size of the pestles which grind the rocks 
The co-efflcients upon which it [velocity] in turn depends, namely, declivity and 
quantity of water, have the same importance in corrasion that they have in transpor­ 
tation.

Let us suppose that a stream endowed with a constant volume of water is at some 
point continuously supplied with as great a load as it is capable of carrying For so 
great a distance as its velocity remains the same, it will neither corrade nor deposit, 
but will leave the declivity of its bed unchanged. But if in its progress it reaches a 
place where a less declivity of bed gives a diminished velocity, its capacity for trans­ 
portation will become less than the load, and a part of the load will be deposited. Or 
if in its progress it reaches a place where a greater declivity of bed gives an increased 
velocity, the capacity for transportation will become greater than the load and there 
will be corrasiou of the bed. In thia way a stream which has a supply of debris equal 
to its capacity tends to build up the gentler slopes of its bed and to cut away the 
steeper. It tends to establish a Single uniform grade.

Let us now suppose that the stream, after having obliterated all of the inequalities 
of the grade of its bed, loses nearly the whole of its load. Its velocity is at once accel­ 
erated and vertical corrasion begins through its whole length. Since the stream has 
the same declivity, and consequently the same velocity, at all points, its capacity for 
corrasion is every where the same. Its rate of corrasion, however, will depend upon the 
character of its bed. Where the rock is hard, corrasion will be less rapid than where
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it is soft, and there will result inequalities of grade. But so soon as there is inequal­ 
ity of grade there is inequality of velocity and inequality of capacity for corrosion; 
and where hard rocks have produced declivities, there the capacity for corrasion will 
be increased. The differentiation will proceed until the capacity for corrasion is every­ 
where proportional to the resistance to be encountered; that is, uutil there is equi­ 
librium of action

In general we may say that a stream tends to equalize its work in all parts of ita 
course. Its power inheres in its fall, and each foot of fall has the same power. When 
its work is to corrade and the resistance unequal, it concentrates its energy where the 
resistance is great by crowding many feet of descent into a small space, and diffuses it 
where the resistance is small by using but a small fall in a long distance. When its 
work is to transport, the resistance is constant and the fall is evenly distributed by a 
uniform grade. When its work includes both transportation and corrasion, as in the 
usual case, its grades are somewhat unequal and the inequality is greatest when the 
load is least.

The foregoing analysis is applicable to the Colorado. It is, in respect 
to corrasion, an exceptional river. Nearly all the large rivers of the world 
along their lower and middle courses have either reached, or closely ap­ 
proximated to, that condition of equilibrium which Mr. Gilbert speaks of, 
in which the transporting power is nearly adjusted without excess to the 
load to be carried. They have little or no surplus energy to spare for 
corrasion, and therefore neither corrade nor deposit. But the Colorado 
is corrading rapidly, and has doubtless done so with little interruption 
throughout the entire period of its existence. The cause may be dis­ 
cerned in one important fact already brought out. The region it tra­ 
verses has been throughout Tertiary time steadily rising, and the total 
elevation has been enormous. 'This progressive elevation has antag­ 
onized the tendency of the river to reach that adjustment or its energy 
to the work of transportation alone, and has kept alive its corrasive 
power. There have been probably some limited periods in the history 
of the river in which, for the time being, it had sunk its channel until it 
reached a " base-level"—a grade below which it could not corrade. But 
this state of affairs was afterwards subverted by a further elevation 
which increased the declivities of the channel, restoring the corrasive 
power. The last great upheaval, exceeding in amount 3,000 feet, was of 
comparatively recent occurrence, and the river has not yet reached the 
new equilibrium of action and the new adjustment of its energy to the 
work of simple transportation.

The reader who for the first time is brought to consider the enormous 
depth of the gash which the Colorado has cut would naturally turn to 
the rivers with which he is familiar to inquire whether they disclosed 
evidence of similar and commensurate action. He would rarely find 
any such evidence. It is only by examining the physical conditions of 
the Colorado and comparing them with other rivers in the light of such 
principles as Mr. Gilbert has laid down that the facts become intelligible. 
The first and most important factor to be considered is its declivity. The 
fall of the Colorado and its principal fork, the Green Eiver, from Green 
River Station, on the Pacific Railway, to the end of the Grand Canon, a
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distance, as the river runs, of about 1,050 miles, is about 5,150 feet, or 
vei y nearly five feet to the mile. The fall through the Grand Caiion is 
on an average 7.56 feet to the mile. Taking the several divisions of the 
Grand Cafion, the declivity may thus be tabulated:

Declivity of the Colorado In the Grand Canon.

Subdivisions Distance 
in miles.

9 6
58
47 6
19 2

2184

Fall in 
feet

60
700
100

1,040

Fall in 
feol per 
mile

6 25

5 01
5 21
6 43
7 56

The Marble Cafion, with a length of 65.2 miles, has a descent of 510 
feet, or an average fall of 7.82 feet per mile. When compared with the 
declivities in the middle and lower courses of other large rivers, that of 
the Colorado in the cations is seen to be very excessive. It falls about 
as many feet as the others fall in inches. The flow of other large rivers 
which are usually considered swift is calm and easy in comparison with 
the rush of the waters of the Colorado.

There is another factor which would be fatal to corrasion m other 
rivers, but which in this one greatly augments its corrasive power. Not 
only are few rivers so swift, but fewer still are so continuously turbid 
and so heavily charged with sediment. Rarely is the river clear, even 
in the droughts of midsummer. Immense quantities of sand and" clay 
are swept along at all parts of the year. Ordinary rivers, and even 
most of the exceptional ones, would be gorged with such quantities of 
sand, and instead of corrading would have their energies fully taxed in 
carrying the load which the Colorado bears easily. This sand is the 
tool which it employs for its work, and it uses it with great effect. 
Though the river is heavily loaded, it is still underloaded, and has great 
power to corrade.*

To show how efficient the corrasive action may become under ex­ 
tremely favorable circumstances, we may cite the case of some of the 
great hjdraulic mines in California. In these mines powerful streams 
of water are discharged against the gravel banks, and the spent water 
is gathered into a brook which finds its way over the " bed-rock'' into a 
tunnel, and finally escapes into some deep natural gorge below the level 
of the workings. As the water flows away it carries with it all the 
d6bris washed from the banks, whether coarse or fine. In the well- 
known Bloomfield mine I saw a gash in the solid basaltic bed-rock 12 
feet in depth, which I was assured had been cut by the escaping water 
and gravel m a period of about sixteen months. The actual running

* The details of corrasion in the canon will be much more fully discussed in the 
monograph on the Grand Caiion District.
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time of the water, however, had been equivalent to about 145 days oi 
twenty-four hours each. This case is indeed a most extreme one, and 
no natural river can show any such rapid corrasion of any considerable 
length of its bed. It is not cited to support an inference of phenomenal 
rapidity in the corrasion of the Grand Canon, but rather to illustrate 
the efficiency of corrasive action when all the attendant conditions are 
extremely favorable and no countervailing condition is present. But 
although the Colorado is far from being such an extreme case as the 
one just mentioned, it is still a very strong one. Y^t there are some 
stretches in the river where the corrasion must be proceeding at a very 
rapid rate—at a rate not very many times slower than in the Bloomtield 
mine. These portions are in the hardest rocks, and they illustrate well 
the law which Mr. Gilbert has so clearly enunciated (p. 157, Hue 44).

The course of the Colorado in the Grand Canon is a succession of 
headlong rapids or cataracts and of smooth but swiftly-flowing reaches. 
In the Kaibab division the rapids are very numerous, very long, and 
very frequent, while the still reaches are short. In the Kanab division 
the rapids are fewer and less formidable, while the still reaches are 
longer. In the Sheavwits, the condition is intermediate between those 
of the Kaibab and Kanab divisions. The rapids, however, are of two 
kinds and are the results of two wholly independent causes. (1.) 
When the stream lies in the hard rocks, the declivity is much greater, 
and the rapid is then due to the greater slope of the bed. (2.) At the 
opening of every side-gorge, a pile of large bowlders and rubble is 
pushed out into the stream. Most of the side-gorges are dry through­ 
out the greater part of the year. But when the rains do come, their 
effects are prodigious.* In the vast amphitheaters the,water is quickly 
shot down into the channel and rushes with frightful velocity along the 
bed, which has a slope of 2(iO feet or more to the mile. Nothing which 
is loose and which lies in the way of it can resist its terrible rush. 
Bowlders of many tons' weight are s« ept along like chaff, and go thun- 
ding down the side gorges into the main river. When the torrents reach 
the river the large fragments are dropped ; for the maximum slope of 
the main stream (reckoned throughout any stretch exceeding four or five 
miles) never exceeds 25 feet to the mile; and the water, though great in 
volume at flood-time, has much less velocity than the torrents of the 
side chasms. The river has, however, abundant power to sweep along 
fragments of considerable size, which are ground up as they move on­ 
ward. The coarse material, the large bowlders and rubble washed out 
of a lateral chasm, form a dam where the river becomes a cataract. 
They are also strung out for considerable distances below the dam, and 
thus the tendency is to build up and increase the grade of the river

* It is well to remember here the grand scale on which these lateral features of the 
chasm are laid out. The watersheds of these amphitheaters cover each from 10 to 
50 square miles! And when a heavy rain comes, whatever water is not soaked np 
by the rocks and soil is in the bottom of the amphitheater in less than ten minutes'!
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j ust beyond the rapid. But this tendency is quickly checked and brought 
to a stop by the increased power of the current due to the increased slope. 
The body of fragments brought into the river laterally is vast in amount. 
But on the whole it is insufficient at the present epoch to prevent the 
river from corrading its channel, though corrasion is greatly retarded by 
it. There are many stretches where there is an equilibrium between the 
tendency to cut deeper and the tendency to build up the bottom by the 
accumulation of d6bris; where the whole energy of the river is consumed 
in dissipating the fragments brought into it. But there are other por­ 
tions where the river bed is in the bare rock of Palaeozoic and Archaean 
strata, and wherever it is so corrasion is proceeding rapidly.

WEATHERING.

The work of corrasion is limited to the cutting of narrow gashes in 
the strata, and the grinding up of the fragments brought into the river 
channels. The widening of these cute into the present configuration of 
the chasm is the work of weathering. The common notion is that 
"solid rock" is but little affected by any natural agents such as water 
and air, and though it is acknowledged that water and carbonic acid 
exert a certain nominal solvent and chemical action upon rock material, 
yet these are usually esteemed so feeble that even the enormous periods 
of time which the geologist invokes seem quite insufficient to warrant 
us in ascribing to them any very important effects. Our observation 
upon the works of human construction which have been exposed for 
many centuries to the action of the elements confirms this notion. 
The structures of Egypt, Greece, and Italy have been thus exposed for 
periods which are nearly or even exactly known. They bear evidence 
that this action is a real one, and that their final dissipation would, in 
the event of indefinite exposure, be a mere question of time. But they 
also indicate that so far as their own materials are concerned the pro­ 
cess is exceedingly slow. Their rate of decay by solution, if applied as 
a factor to the recession of the walls of the Grand Canon, would give a 
period of time so vast that the mind would promptly reject it because 
of its very enormity. But we shall find that the recession of those walls 
goes on, slowly indeed, but at a rate very much greater than would be 
inferred from an inspection and comparison of the works of human an­ 
tiquity.

It is at once obvious that the building-stones are not a fair criterion. 
They are selected for their durability, and of all rocks they represent 
those which offer the greatest possible resistance to weathering. Taking 
the common rocks only—those of frequent and world-wide occurrence— 
there is reason to believe that their rates of decay under equal condi­ 
tions vary among themselves enormously. Leaving out of the account 
the unconsolidated or loosely consolidated strata, it cannot be doubted 
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that some indurated rocks decay fifty times faster than others, the 
conditions being identical as to climate and exposure. We have, it 
is true, no experimental or laboratory data upon which this assertion 
can be based, but it is, I am confident, quite defensible, and will appear 
to be so when we examine the results of weathering in the rocks in 
place. For there is another consideration which is not apparent in the 
decay of building-stones. The strata are disintegrated by a process 
which includes something far more efficient than mere solution or chem­ 
ical decomposition.

• At the base of every cliff in the Plateau country we find a large talus 
consisting of fragments fallen from the rock faces above. The fragments 
vary in size from bowlders of many tons' weight down to the finest 
gravel, sand, and clay. Here is proof at once that the decay of cliffs 
goes on chiefly through the breaking off of fragments. It soon appears 
that the amount of material removed from the wall in solution is but a 
very trifling fraction of the quantity which has spalled off from the face 
of the wall. As the large fragments fall off from the vertical front they 
are dashed to pieces below. In this fraginental condition they expose 
a much greater surface to weathering and are dissipated with corre­ 
spondingly increased rapidity. And now we come to the key of the 
problem. The explanation of those persistent profiles of the Grand 
Canon is found when we analyze the formation and decay of talus. It is 
one of the most charming studies in the whole range of physical geology.

. in the Carboniferous strata of the Grand Canon we have a mass of 
rocks widely varying in lithological characters, but which on the aver­ 
age are just about as, obdurate to weathering as the average of rocks 
found in other regions. So far as can be seen or inferred, in this respect 
they differ not at all from the strata of other regions. Some of them 
weather easily, some are very obdurate. Perhaps the only qualification 
to this comparative statement is that there are no extremely perishable 
strata in the whole series. The softest beds are still firm and perfectly 
indurated. The degrees of obduracy, however, appear to vary greatly 
in the series.

The upper stratum in the canon wall is a cherty limestone, which is 
harder * than the average, though not extreme in that respect. It forms 
usually a precipitous face, though it is frequently breached and broken 
down. It is out of this series that the rows of pinnacles in the crest 
of the eaEon are carved.t Beneath it is another series of limestones 
of less than average hardness. They are sometimes a little cherty

* In speaking here of relatiye hardness and softness, I wish to be understood as 
meaning the resistance which the rock opposes to destruction by direct weathering, 
and not hardness in the mineralogical sense, nor the resistance which the rocks might 
offer to the tools of the stone-cutter.

t The cherty limestones are full of silicions nodules. . They occur in yast numbers 
and show a tendency to arrange themselves in bands parallel with the bedding. The 
inclosing matrix, though mainly calcareous, has much disseminated silica in the 
cherty fotm. In the weathering tlio nodules aro dissolved out of the matrix and fall 
down the chfls.
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but far less so than the overlying beds. They break down always into 
a steep slope, covered with a talus partly of their own d6bris and 
partly of the cherty nodules weathered out from above. Beneath the 
limestones lies.the cross-bedded sandstone, one of the most conspicu­ 
ous members of the canon. Of all the strata it is the hardest; in truth, 
is about as adamantine as any rock to be found in the world. It forms 
everywhere the vertical frieze of the upper wall and is very seldom 
broken down into a slope. Underneath it comes the great series of 
Lower Aubrey sandstones, a thousand feet thick, made up of very many 
individual beds. They are similar in character, and all of them weather 
rapidly. We have, then, in the Upper and Lower Aubrey Groups, which 
form the outer chasm wall at the Toroweap (and which are almost ex­ 
actly the same elsewhere throughout the Grand (Jaiion), four groups of 
strata which are alternately hard and soft (Fig. 16), (1) a hard cherty 
limestone, (2) a softer limestone, (3) an extremely hard sandstone, (4) a 
great thickness of much softer sandstones.

FIG. 16.—Development of cliff profiles by recession in the npper wall of the chasm.

It has already been explained that the attack of erosion is made chiefly 
upon the scarp walls and steep slopes of a country and only feebly upon 
level surfaces. Imagine, now, a cut made by a corrading stream into 
such a series of strata as that which has just been described. It will 
soon appear that it is quite immaterial whether the cut be made very 
gradually or instantly,—by a miracle, as we may suppose. Weathering 
at once attacks the face of the wall. The softer beds yielding much more 
rapidly, gradually undermine the harder ones above, and the latter cleave 
off by their joints and great fragments fall down. If we suppose the 
corraded cut to have been made instantly and the river to be flowing in 
it, the fragments would at first fall into the stream and be devoured by 
corrasion as fast as they fall. But after a time the widening of the cut 
so produced would leave a platform on the margin of the stream where 
the fragments would begin to form a talus. As the.recession by waste 
goes on, the talus grows larger and larger, and gradually mounts up on 
the breast of the lower wall. Now the effect of a tains is to protect the 
beds upon whose edges it lies, and to retard their rate of decay by virtue
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of that protection. At first, then, the talus causes the lowest beds to 
lag behind in the recession. As it mounts up the wall, higher and higher 
beds gain protection, and they, too, begin to lag behind, until at last 
the talus mounts up very nearly to the base of the extremely hard, cross- 
bedded sandstone. Thus the entire lower series of soft strata becomes 
converted into a slope covered with talus, and at this stage all the beds 
above stand as a single vertical face. But immediately a second cliff 
and talus begin to form above the hard sandstone; for since the lower 
soft beds are protected and their rate of recession reduced by the talus, 
the upper soft beds, being naked, must recede at a more rapid rate, until 
they, too, become a slope and receive the protection of a talus from the 
hard limestone at the summit.

It appears, then, that the recession of the hard beds is accelerated by 
undermining, while the recession of the soft beds is retarded by the pro­ 
tection of the talus. The result is the final establishment of a definite 
profile, which thereafter remains very nearly constant as the cliff con­ 
tinues to recede. Thus tJie talus is the regulator of the cliff profile. There 
are many minor features which may be explained as satisfactorily, and 
one of them is the curvature of the Lower Aubrey profile.

Throughout the greater part of the chasm the slope of the Lower 
Aubrey is a very graceful curve, but in the Kaibab division it is usually 
straight and descends at an inclination of about 30 degrees, the angle 
of repose, or very nearly so, for the debris which occurs here. Taking 
first the Toroweap section, we remark that at the base of the main 
palisade is the broad esplanade or plain which forms the floor of the 
upper chasm. It is from a mile to three miles in width. In a great talus 
the fragments are slowly and continually creeping down by the action 
of rain and frost. The plain at the base acts as a check to the descent. 
Nowhere except, perhaps, at a notable distance away from the base or 
in the very lowest part of the stratigraphic series are the beds wholly 
buried in talus. Considerable areas of rock surface project through the 
covering. The tendency of the descent of talus under the conditions 
here considered is to give more protection to the lower beds than to the 
higher. The check given to the descent of the talus by the level plain 
is felt more strongly at the base of the slope than higher up. Moreover, 
the finer debris is more readily washed down a slope of given declivity 
than the coarse, and thus the ddbris at the base of the talus is finer 
than that above,' and fine d6bris is a more efficient protection than 
coarse. In consequence of this greater protection, the recession of the 
lower beds is less rapid than that of the higher ones, and in general 
terms the protection of any given bed in the slope is inversely propor­ 
tional to the square or some other complex function of its height above 
the base. The curved profile at once follows, and it is demonstrably of 
the hyperbolic class.

In the Kaibab the case is different. Here the mighty plinth of the 
Eed Wall limestone cuts off the foot of the Lower Aubrey slope, giving
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a free discharge to the fragments into the depth below. There is no 
check to the descent of the talus; the amount of protection given by it 
to all the beds of the Lower Aubrey is very nearly uniform, and the 
slope becomes straight. But whenever, as sometimes happens, the top 
of the Bed Wall precipice stands at an unusual distance from the Lower 
Aubrey, the curvature of the profile of the latter appears, and its em­ 
phasis is proportional to the distance which separates the vertical 
planes of the Red Wall and of the cross-bedded sandstone.

Many details of repetitive or systematic sculpture are presented in 
the great chasm, and they may be explained as readily as the profiles. 
Only one other feature can be alluded to here, and the allusion will be 
brief. It concerns the plan or horizontal projections of the component 
features of the Kaibab division, the blocking out of the cloister buttea 
and the temples, and their reduction to their present forms. In a gen­ 
eral way it is apparent that these have been originated by the profound 
corrasion of short lateral tributaries of the Colorado and the subsequent 
widening of the cuts into the present amphitheaters and alcoves; the 
buttes and temples being the residual masses between them. But the 
contours of the latter are striking and peculiar in the extreme. They 
are explained by observing that wherever recession of the cliffs takes 
place it proceeds with great uniformity along the entire front. It starts 
along the line of a stream which is tortuous, but as it proceeds it car­ 
ries back the cliff in a succession of curves, and in process of time minor 
inequalities are obliterated. Each larger bend of the stream gives rise 
to its own curve in the trend of the wall, and where successive curves 
intersect they form very sharp cusps. Everything here depends upon 
uniformity in the rate of the recession of all parts of the cliff. Where 
the outward spreading circles of erosion from two distinct alcoves or 
amphitheaters meet by recession in opposite directions, a butte is cut off 
and a saddle or "col" is formed. The cusps between two intersecting 
circles are exceedingly sharp and well formed, and three circles gener­ 
ally give rise to a fine gable.

The peculiar cliff-forms of the Plateau country would hardly be pos­ 
sible in any other, for no other presents those conditions which are nec­ 
essary for them. These conditions may be summarized as follows: 
(1.) The great elevation of the region. (2.) The horizontality of the 
strata. (3.) A series of strata containing very massive beds which dif­ 
fer greatly among themselves in respect to hardness, but each member 
being very homogeneous in all its horizontal extent; in a word, heter­ 
ogeneity in vertical range and homogeneity in horizontal range. (4.) 
An arid climate. The great elevation is essential to high reliefs in the 
topography. Only in a high country can the streams corrade deeply, 
and it is by corrasion of streams that the features are originated and 
blocked out. The effect of honzontality of the strata is self-evident. 
With regard to vertical heterogeneity, it is apparent that it is essential 
to give diversity to profiles. It' the rocks were homogeneous in vertical
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range, the cliffs would all be like the Jurassic sandstone, stolid and form­ 
less. Horizontal homogeneity js essential to that rigorous uniformity 
in the rate of weathering which gives to the cliffs their systematic char­ 
acter. The effect of the arid climate of the region cannot be explained 
without a preliminary statement in great detail of the fundamental 
principles and laws of erosion. These are highly complex, and require 
an analysis which is more suitable to a monograph than to the present 
essay. Such an analysis will be attempted iu my work upon the geol­ 
ogy of the Grand Oafiou District.

E"o doubt the question will often be asked, how long has been the time 
occupied in the excavation of the Grand Cafiou ? Unfortunately there is 
no mystery more inscrutable than the duration of geological time. On 
this point geologists have obtained no satisfactory results in any part of 
the world. Whatever periods may have been assigned to the antiquity 
of past events have been assigned provisionally only, and the inferences 
are almost purely hypothetical. In the Plateau country, Nature has, in 
some respects, been far more communicative than in other regions, and 
has answered many questions far more fully and graciously. Eut hero, 
as elsewhere, whenever we interrogate her about time other than rela­ 
tive, her lips are sternly closed, and her face becomes as the face of the 
Sphinx.
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CONTRIBUTIONS TO THE HISTORY OF LAKE 
BONNEVILLE.

BY G. K. GILBERT.

I. INTRODUCTION.

In the organization of the Geological Survey by Mr. King, the territory 
subject to its operation was apportioned in a number of divisions. To 
each division a scientific corps was assigned, and in order that the labors 
and results of each corps might be characterized in the highest practica­ 
ble degree by nnity each geographic district was made to correspond to 
a great geologic province. The Division of the Great Basin is a prov­ 
ince characterized by numerous small mountain ranges, and is thereby 
distinguished from its western neighbor, the Division of the Pacific, 
which contains a comparatively great mountain chain, the Sierra Nevada, 
and from its eastern neighbor, the Division of the Colorado, which 
includes as its chief feature the great group of plateaus of the Colorado 
Basin. At the north it is limited by the British Possessions, and at the 
south by the Mexican boundary, and it has an extent nearly twice as 
great as the Eastern and Middle States combined. Nearly the whole of 
this area is studded by mountain ridges, which are approximately par­ 
allel and have a meridional trend. None of them are of great height 
nor of great extent, and they are so numerous that many have no indi­ 
vidual names known to the whites. Between them lie valleys filled by 
the alluvium that in past ages has been worn from their summits and 
sides, and in a few districts these valleys grow broad and blend together 
so as to constitute plains of some extent. The rainfall of the region is 
scant and the streams are few and small. Two great rivers traverse it, 
but their sources are beyond its limits. The Columbia, fed by the abun­ 
dant precipitation of the uplands rising to the eastward, crosses in a 
northwest direction to the Pacific Ocean; the Colorado, rising in the 
same uplands, flows southward and westward to the Gulf of California. 
From the arid tract they receive a few small affluents, but except for 
the avenues opened by their waters it is scarcely probable that any 
streams rising within the district would find their way to the ocean. 
In the interval between the drainage basins of the two rivers there is a 
large district which gives rise to no outflowing streams, but returns to 
the air by evaporation all the moisture received from it as rain. It is
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this district of continental drainage to which the title "Great Basin" 
is specifically applied, and it is from it that the Division receives its 
name. The geological survey of the Division involves the study of a 
wide range of topics. Not only does each mountain consist of a variety 
of geologic strata and embody a history of its own, but the district as a 
whole contains every great known group of formations, and their study 
cannot be conducted without a coincident study of the greater dynamic 
problems of geologic science. The Archsean, the Paleozoic, the Mesozoic, 
and the Tertiary systems are each developed in so many localities that 
no one of them can be studied fully without traversing a large portion 
of the entire area. Volcanic rocks abound in all parts, and phenomena 
pertinent to the study of the growth of mountains and the decay of 
mountains are everywhere present.

With the limited means at the disposal of the Survey it was manifestly 
impossible to occupy the entire field at once and carry on the work in a 
way that would be both geologically and geographically symmetric. 
It was necessary to restrict attention, and the question arose whether 
this should be done by selecting a limited district for initial work and 
beginning in it the study of every topic to which it might contribute, 
or by choosing a specific line of inquiry and carrying it through the 
entire area. The latter course was decided on, and the theme of 
study selected was the Quaternary history of the valleys of the Great 
Basin. It was already known that many of these valleys which are 
now destitute or nearly destitute of water, had contained, at a period of 
time geologically very late, a series of lakes, some of which were salt 
and some fresh; and it had been more than surmised that these lakes 
were the contemporaries of the glaciers of the Ice Epoch. The study of 
their history was therefore nearly identical with the study of the Qua­ 
ternary history of the valleys, and it was to them that attention was 
chiefly directed.

The lowlands of the Great Basin are valleys without drainage to 
the ocean, and when the climate of the Glacial Epoch gave them a 
more generous supply of moisture the surplus was accumulated in their 
lower parts in quantities which bore a definite relation to the climate. 
When for centuries the climate became more humid the lakes rose and 
encroached upon the land, and when the reverse was true a*nd aridity 
prevailed they dried away and the land was laid bare. The extent of 
the lakes was therefore the measure of the climate, and if we can rightly 
interpret the traces the lake margins have left of their successive posi­ 
tions we shall be furnished with a detailed history of the oscillations 
of climate in this region of the earth during that epoch. The problem of 
Glacial climate is one of the most interesting which now claims the 
attention of geologists, and if these Quaternary lakes can afford an in­ 
dependent history of the climatal changes by which the accumulations 
of ice were made and dissipated, they will make a most acceptable con­ 
tribution to the subject.
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Closely interwoven with the history of the oscillations of the water is 
the history of the sediments deposited by it, and the general study 
cannot be carried forward without at the same time investigating the 
conditions of sedimentation hi inland seas. It is therefore hoped that 
the progress of the investigation will add something to our means of 
distinguishing, among the older geologic formations, strata which were 
formed under similar conditions, and will thus enable us to read more 
clearly some of the earlier pages of the geologic record which are now 
obscure.

Another collateral subject of investigation is the process of shore for­ 
mation—the process, that is, by which the waves of a lake modify the 
configuration of the laud upon which they break, and produce the pecul­ 
iar tbpographic features characteristic of shores. This study has already 
been successfully pursued by others on the margins of existing bodies 
of water, but there are some details in the anatomy of shores which are 
necessarily concealed by living bodies of water, and can only be revealed 
by the dissection of the denuded remains of dead lakes.

The desiccation of the old lakes caused the concentration of their 
mineral contents, so that all of them which survive with diminished 
area are saline, and the positions of those which have entirely disap­ 
peared are marked by deposits of salt and other soluble minerals. The 
study of the Quaternary lakes is therefore inseparable from the study 
of the modern salines, and it may reasonably be anticipated that the 
final discussion of the results will throw new light upon the saliferous 
deposits of the older rocks.

At the time of the organization of the Survey it chanced that there 
was in the possession of the writer a considerable body of unpub­ 
lished material bearing upon Lake Bonneville, and that lake was there­ 
fore selected as the first individual subject of study. Its investigation 
in the field has now been completed, and a full account of its history, 
so far as it has been found practicable to deduce it, is in preparation. 
But while this history will be monographic as regards Lake Bonneville, 
it will in another sense be only one of a series—to be followed in time by 
similar accounts of other Quaternary lakes, and eventually by general 
discussions of the various collateral topics developed by the investiga­ 
tion.

In the present paper it is proposed to give in brief the principal results 
of the year's work, reserving for the monograph the full presentation of 
the facts from which they are derived. They will be prefaced, however, 
by aa outline of the subject as previously known, for the literature of 
Lake Bonneville is so scattered that a general familiarity with it cannot 
be assumed.

Whoever makes a careful examination of a tract of sea coast, first 
before a great storm and again after the storm has passed, cannot fail 
to discover various modifications wrought by the storm in the form or 
character of the coast. Wherever the water margin is overlooked by
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a cliff it will be found that some portion of the rock or earth of the cliff 
has been washed away, and probably that fragments great or small have 
fallen from above. Wherever the shore is constituted by a beach or 
spit it will be found that additions have somewhere been made to the 
sand or shingle, and possibly that at other points losses have been sus­ 
tained. It is universally recognized that these changes are the result 
of the conjoined action of waves and currents set in motion by the 
storm, and that they are limited to the immediate vicinity of the shore 
and to shallow water. There is a horizontal zone of activity practically 
corresponding with the zone which receives the force of the breakers, 
but extending somewhat farther downward, and along this zone nearly 
every portion of the coast either suffers abrasion or else grows by addi­ 
tions to its banks and bars. Where the coast is abraded, the zone of 
wave beating is carried progressively landward, and two features are 
wrought: the paring away of the land leaves a fringing terrace or shelf 
just beneath the water; and the same excavation produces a cliff at the 
landward margin of the terrace. Where the coast grows, its banks and 
bars are not merely enlarged, but if they did not before exist they are 
created. The sea-cliff and the terrace at its foot are the creatures of the 
wave and mark the spot where the nature of its action is destructive. 
The spit, the beach, and the bar are equally the creatures of the wave, 
and testify to its constructive energy.

In this way there arises a special topography of coasts, and when the 
waters of a sea or lake recede or disappear, the topographic features 
•which were wrought by the waves survive, constituting a conspicuous 
and almost unmistakable record. Every element of this record is char­ 
acterized by horizontality; the landward edge of the wave-cut terrace 
is a horizontal line coincident with the level base of the sea-cliff; the 
beach and the spit and all other constructive works are level-topped, 
having been built upward to a limit regulated by the force of the 
storm waves. When, therefore, one views a slope from which an an­ 
cient lake has been withdrawn he recognizes its shore trace in a series 
of features which embody a horizontal line. Here the line is the meet­ 
ing of a terrace and a cliff, there it is the crest of an embankment, and 
elsewhere it is the brow of a delta plain; its manifestations are diverse, 
but it is never wanting. To an eye placed at the proper height and dis­ 
tance all its elements blend together and it stands forth as a continu­ 
ous, horizontal, indubitable shoreline.

It is by records of this character that Lake Bonneville is chiefly known. 
All about the great basin of Utah the lower slopes of the mountains 
are skirted by these level tracings—not a single line merely at a single 
level, but a series of lines at many levels, testifying to a system of oscil­ 
lations of an ancient lake.

The highest water line is 1,000 feet above the level of Great Salt Lake, 
and over every foot of the intervening profile can be traced evidence of 
the action of waves. There is, however, a great inequality of the record,
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and the most casual observation shows that the water lingered ranch 
longer at some stages than at others. One of the most conspicuous 
water lines is the highest of all, but its prominence is largely due to the 
fact that it marks the limit between the wave-wrought surface below 
and the rain-sculptured forms which rise above. Of the lower lines 
there is one lying about 400 feet below the highest, which is far more 
conspicuous than any other and has for this reason been given a special 
name—the Provo shoreline. The highest is distinctively known as the 
Bonneville shoreline. Between the Bonneville and the Provo four or 
five prominent lines can usually be seen, to which no individual names 
have been given, and it will be convenient to call these in this place the 
Intermediate shorelines. On the slopes below the Provo shore the water 
lines are less conspicuously drawn, and only a single one is so accent­ 
uated as to have been identified at numerous localities.

A lake without outlet cannot maintain a constant level, because its 
quantity of water depends upon the relation of the rainfall to the super­ 
ficial evaporation, and these elements of climate are notoriously varia­ 
ble. A series of moist seasons increases its contents and causes its mar­ 
gin to advance upon the land, while a succession of dry seasons produces 
the reverse effect and makes it shrink from its borders. With a lake hav­ 
ing a discharge the case is different, for every increase or diminution of 
supply, by slightly raising or lowering the surface, increases or dimin­ 
ishes the discharge, and thus a practical equilibrium is maintained. It 
can therefore rarely happen that the waters of a lake without outlet are 
held at one level for the time necessary to produce a strongly marked, 
individual shoreline, and for this reason it was early surmised that Lake 
Bonneville found an escape for its surplus waters at the times of the for­ 
mation of the Bonneville and Provo shorelines. Search was therefore 
made for a point of outlet, and eventually it was discovered at the north­ 
ern extremity of Cache Valley. The sill over which the water at first 
discharged was of soft material which yielded easily to the wear of the 
running water and permitted the lake level to be rapidly lowered by the 
mere corrasion of the outflowing stream, but eventually a reef of lime­ 
stone was reached by which the erosion was checked and the lake was 
held at a nearly constant level until its outflow was finally stopped by cli­ 
matic changes which diminished the water supply. The level of the soft 
sill first crossed by the outflowing water is the level of the Bonneville 
shoreline at the nearest point where it is visible; the level of the lime­ 
stone sill is coincident with that of the Provo shoreline; and the dis­ 
covery of these facts correlated in a satisfactory manner the history of 
outflow with the history of the most conspicuous shorelines. As will 
presently appear, it was the work of the past summer to complement 
this knowledge by obtaining an interpretation of the Intermediate shore­ 
lines.

The detritus the waves bear away from one part of a coast is not all 
accumulated in the adjacent embankments; only the sand and gravel
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are there collected, and the finer matter, which is capable of being 
held m suspension by the water for a longer time, is borne to a greater 
distance from the shore and finally settles to the bottom in the form 
of mud. Moreover, the streams which flow from the land to a lake 
bring with them each its quota of mud too fine to subside quickly, and 
this, too, is deposited in the depths remote from the shore. Thus the 
whole surface of every lake bottom becomes coated with a fine mud de­ 
rived from the demolition of the surrounding land by rains and rivers 
and by waves.

Nor is this all: the wear of the rains and even the wear of the waves 
is not limited to abrasion, but includes also solution. All rock material 
is to some extent soluble by water, and every river carries to the sea 
or lake into which it empties not merely gravel and sand and silt, 
which are visible to the eye as impurities, but various minerals so inti­ 
mately combined that the eye cannot detect them, although they are 
readily discovered by chemical tests. A lake which receives the water 
of a river or rivers, and is itself drained by an outflowing river, catches 
in its sediments the mechanical detritus only, which settles to the 
bottom where the current is checked, and permits all or the greater 
part of the chemical contents of the water to escape; but a lake with 
no outlet accumulates the entire mineral contents of the tributary 
streams, storing the mechanical detritus as a sediment, and the dissolved 
minerals either as a precipitate or else, by the aid of animal life, in some 
form of organic de"bns. The record of a lake is therefore written, not 
only by its wave-wrought shorelines, but by its mechanical and chemi­ 
cal sediments, and the investigation of Lake Bonneville necessarily 
included a study of the beds deposited upon its bottom. The work 
of the first year of the Geological Survey demonstrated the divisibility 
of these deposits into two members, separated by a break or interval 
during which no deposit took place. In the work of the second year the 
distribution of the two members and of the break were widely traced, so 
that now it is possible to give a comprehensive description of them.

In the central and deeper portions of the basin the section of the de­ 
posits is as follows:

First and lowest, the Yellow Clay, a fine, argillaceous, laminated de­ 
posit, with a pale olive tint where unoxidizetl, but exhibiting on weathered 
surfaces a dull yellow color. In a few spots this has been found inter- 
banded with sand, but these interruptions are not continuous and its 
typical exposures exhibit clay only. Its thickness is unknown, the base 
of the deposit not having been seen, but 90 feet have been measured in 
one locality.

Second and highest, the White Marl, a fine, white earth, exhibiting 
little change from exterior to interior, and in its hardest varieties re­ 
sembling chalk. Its thickness varies from 10 to 20 feet.

At all points the line of demarcation between the two deposits is 
strongly drawn, and at many points there has been found evidence
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of a break in the continuity of the deposition at this horizon. This evi­ 
dence consists in part of traces of erosion of the surface of the Clay 
before the deposition of the Marl, and in part of the local interpolation 
of various coarse deposits due to superficial streams.

These relations will be made clear by the diagram, which exhibits 
the lake strata in section at a point where they rest against a steep 
mountain slope of quartzite. The Clay and Marl (2 and 4) are fine in 
texture, and have their bedding marked by laminae, which are nearly 
horizontal. In the direction to the left of the drawing they extend for 
many miles without interruption. The wedge of gravel which sepa­ 
rates them, and the similar wedges above, are all restricted to the

I?IG. 17. Section showing the alternation of lacustrine and alluvial deposits at lemlngton, Utah.
1. Paleozoic quartzite. 2. The Yellow Clay (lacustrine). 3. Wedge of alluvial gravel. 4. The White 

Marl (lacustrine). 5. Recent alluvial gravtd. ti. Terrace and sea-cliff of the IJonueville shoreline, with 
recent talus at foot of cliff.

vicinity of the mountain; they are composed of fragments of the quartz­ 
ite, cracked away by frost and washed down by rain. The process 
of their formation still continues, and those numbered 5 and C receive 
additions with every storm. When 2 and 4 were formed the lake bathed 
the foot of the mountain, and was the vehicle for the distribution of 
their fine material, but the intervening wedge of gravel, which was 
washed to its place by rain and rain-born rills, could not have been 
formed in the presence of the lake. It testifies, therefore, to a tem­ 
porary subsidence of the water, and a drying of the bottom of the lake. 

Neither the Clay nor the Marl passes beyond the limit marked by the 
Bonneville shoreline, but they rise upon the slopes on all sides until they 
merge with the shore deposits. As they approach the outer shore­ 
lines, however, they undergo changes of character and their distinctive 
features disappear. Their texture becomes coarser and they pass at 
many points into sands. In such case their separation can be made 
only where the evidence of the intervening break is present.
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II. THE HISTORY OF THE OSCILLATIONS.

The g ineral interpretation of these deposits and of their discontinuity 
is not difficult. The Yellow Clay was thrown down from deep and quiet 
waters, and therefore marks a period when the lake was large. It has 
been traced upwards along the slopes to within 200 feet of the highest 
water mark, and it is therefore known that the body of water to which 
it belonged attained at some time a depth of more than 800 feet, although 
there is no reason to suppose that that depth was continuously main­ 
tained through the whole period of deposition. The break between the 
two beds, with its local deposits of alluvium, records with equal clearness 
a period when the lake shrunk to small size, laying bare the surface 
of the Yellow Clay and exposing it to waste by running streams and to 
partial burial by subaerial agencies. This evidence has been traced 
continuously downward to a level only 200 feet higher than the surface 
of Great Salt Lake, and is there lost because modern erosion has ex­ 
posed the section no farther. The shrunken lake could therefore have 
had no greater depth than 200 feet (plus the depth of Great Salt Lake), 
and its depth may have been much less. The White Marl, like the Yel­ 
low Clay, is a deposit from deep and quiet water, and unmistakably re­ 
cords a second rise of the lake. It has been traced as far up the slopes 
as the. Clay, and there is some evidence, as will appear farther on, that 
it witnessed even a higher stage of the water during a portion of the 
period of its formation. Above the Marl the only deposits are shore 
embankments and recent alluvia, from which we are permitted to con­ 
clude that there has been no similar rise of the water since the retire­ 
ment of the second flood.

There can be no question of this history so far as it goes, and any 
changes which may be made in it must be of the nature of additions. 
The climate of the region was moist and Lake Bonneville was large 
for a period represented by 90 feet and more of Yellow Clay; the cli­ 
mate was dry and the lake was small for an unknown period repre­ 
sented by the intervening alluvia; there was a second epoch of moist 
climate and expanded lake represented by 15 feet of White Marl; and 
that was followed by the present period of shrunken waters and dry 
climate.

But while this history is the necessary deduction from the facts in 
hand it does not include all of them, for it fails to account for the con­ 
spicuous difference in character between the Clay and the Marl. The 
character of the surrounding country affords no warrant for the belief 
that there was a large difference in the nature of the detritus brought to 
the lake during its two periods of maximum extent, and the explanation 
of the change in the character of the deposit must therefore be sought 
in the lake itself. The first hypothesis broached in regard to it was that
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it was dependent upon tKo establishment of an outlet, but this had to 
be abandoned. The establishment of an outlet would undoubtedly pro­ 
duce a change in the character of the water and a corresponding change 
in the character of the sediment, but it could only occur during a period 
when the lake was exceptionally full, whereas the change indicated by 
the difference between the Yellow Clay and the White Marl occnrred 
at a time when the lake basin was exceptionally empty. Moreover, the 
effect of an outlet upon the character of the water would be to deprive 
it of a large share of its dissolved matter, and therefore to give to its 
sediments a relatively pure mechanical character, whereas the sediment 
which actually formed in the deeper places after the change is especially 
characterized by carbonate of lime, a mineral almost necessarily brought 
to the lake in solution.

For the purpose of determining, so far as practicable, the ratio of the 
chemical to the mechanical elements in the sediments of the lake a series 
of specimens, selected to represent the Clay and the Marl, were sub­ 
jected to chemical analysis. Each bed was found to consist of the same 
constituents, but in different proportions, as will appear by the follow­ 
ing generalized table:

YELLOW WHITE
CLAY. HABL.
Per ot Per ot

Carbonate of lime and magnesia (the hme predominant) ............ 30 45
Silicates of alumina, iron, and other bases (alumina predominant).... 35 520
Silica.............................................................. 35 35

The carbonates' possess so high a degree of solubility that they may 
be referred to the rank of chemical deposits without hesitation. The 
silicates have so low a degree of solubility that they may be referred 
with equal confidence to the rank of mechanical sediments. The silica 
holds an intermediate position and may be either mechanical or chemi­ 
cal, or may belong in considerable share to each division. However the 
silica is assigned, there is no reason to doubt that it has the same 
origin in both deposits, so that in any event the Marl contains a rela­ 
tively large proportion of matter derived by chemical precipitation 
and the Clay a relatively large proportion of material conveyed by the 
water in suspension.

With these facts in view a second hypothesis was broached to ac­ 
count for the lithologic difference. It is shown by the stratigraphy that 
in the interval between the deposition of the clays and the marls the 
water fell below the 200 feet contour, but the stratigraphy fails to 
show how far below that line it fell. There is no violence in the suppo­ 
sition that the water dried completely away so that no lake whatever 
remained, and that all of the salt that may have been contained in the 
original lake was deposited by desiccation upon the lowest part of the 
lake bottom. Nor is there any violence in the further supposition that 
during the dry period the silt brought down by rivers in time of freshet 
was spread over the bottom of the lake valley, mingling with the salt 

12 a A
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at first and then covering it, until finally it was buried so deeply that 
the rising water, when the lake was again filled, did not redissolve it. 
By such a process the lake would be converted by desiccation from a 
salt body of water to a fresh body, and whatever influence loss of 
salinity might have upon the conditions of sedimentation would be 
indicated by an abrupt change in the character of the deposits.

For the verification of this hypothesis it is necessary to ascertain that 
the change which actually occurred in the nature of the sediment is 
such a change as would be produced by substituting fresh water for brine 
as the medium of sedimentation, and for its complete verification it 
would be necessary to probe the deposits in the lowest depression be­ 
neath Great Salt Lake and ascertain the existence of a heavy bed of 
rock salt. It was impracticable to undertake the latter investigation, 
but a series of experiments were conducted for me by Mr. Israel 0. Rus­ 
sell, for the purpose of ascertaining what relation salinity of water bears 
to facility of sedimentation. No attempt \\ as made to give a general 
character to the investigation, but it was made specifically applicable 
to the problem in hand by selecting for its materials the substances actu­ 
ally in question. The water of Great Salt Lake, which contains about 
15 per cent of saline matter, was made to represent the supposed ancient 
brine of Lake Bonneville. The water of City Creek, a stream flowing 
through a calcareous district in the Wasatch Mountains and one of the 
tributaries of the Bonneville Basin, was takon to represent the water 
of Lake Bonneville in its supposed fresh condition, and specimens of 
the clay forming the lower bed of the lacustrine series were taken to 
represent the mechanical element of the Bonneville sediments. A 
chemist's beaker was filled with the brine, another with the creek water, 
and a series of others with various definite mixtures of brine and creek 
water. The clay-was pulverized and divided into equal portions, which 
were severally added to the different beakers and mingled by stirring. 
Observation was then made of the time required by the different mix­ 
tures to become clear. The experiment was bubsequently varied by pre­ 
paring first those mixtures of which the clearing was found to be slow­ 
est, and then after an interval other mixtures observed to clear more 
rapidly, and then noting after what lapse of time they attained the same 
degree of approximation to clearness It is unnecessary to give here 
the detailed results, but it is sufficient to say that they all point in the 
same direction and show that the clay falls much more rapidly from 
City Creek water than it does from the Salt Lake brine, while its rate of 
falling from various intermixtures is proportioned to the percentage of 

- brine. The degree of clearness attained with the City Creek water m 
twenty-four hours was reaehed with the Salt Lake brine only after a 
lapse of five days.

Evidently, then, if Lake Bonneville possessed the salinity of Great Salt 
Lake its mechanical sediment would be much longer retained by the water 
and would therefore be more evenly distributed than if it was charac-
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terized by the freshness of City Creek; and since the mechanical sedi­ 
ment necessarily entered the lake at its margin, being derived from the 
tribute of muddy streams and from the waste of the coast under the 
action of waves, it would in a fresh lake be largely deposited in the 
neighborhood of the shore, while hi a salt lake it would be transported 
to greater distances before reaching a final resting place, and although 
possibly the upper slopes would still receive the lion's share a consider­ 
able portion would nevertheless find its way to the central region. The 
hypothesis of a loss of salinity during the interval between the deposi­ 
tion of the Yellow Clay and the White Marl accords therefore with the 
observed difference between those deposits. The upper and later-formed 
deposit, which hypothetically marks the prevalence of fresh water, is 
characterized by a smaller proportion of mechanical sediment, and its 
calcareons constituents, which thus acquire relative importance, are 
rendered conspicuous.

It is a necessary part of the hypothesis that the contrast of sedi­ 
ment exhibited by the Marl and Clay in the central area is reversed 
at the margins of the basin; for if it is true that the material fur­ 
nished to the lake had always the same character, and that the contrast 
of the upper and lower deposits of the central area depends on con­ 
ditions of distribution, then the small clay content of the White Marl 
at the center should be complemented by a large clay content of the 
shoreward prolongations of the same deposit; and in peripheral regions 
the lower bed should be more calcareous than the upper. As a matter 
of observation this lias not been shown, but at the same time it has not 
been disproved. Both Marl and Clay become so variable and so coarse in 
the vicinity of the shores that a concise diagnosis of their constituents is 
impracticable. Whatever calcareous matter they contain is so masked 
by silicious and argillaceous material that it does not affect them in a 
manner appreciable to the eye, and chemical determination could not be 
brought to bear by reason of their variability, which made it impossible 
to select representative specimens.

It is possible that the contrasted conditions afforded by brine and 
fresh water may conduce to the observed disparity of sediments in yet 
another way. It is a familiar fact of the laboratory that the mingling 
of concentrated solutions of common salt and of carbonate of lime 
induces a precipitation of carbonate of lime, and althongh such a result 
is not observed when the waters of City Creek and Great Salt Lake are 
mingled, it may nevertheless be possible that a reaction of that natnre took 
place about the margins of Lake Bonneville in its supposed briny phase. 
If it occurred, then the chief part of the chemical sediment wonld be 
accumulated near the shores, while a relatively small share would reach 
the central region. Afterward, when the water was freshened, the pre­ 
cipitate would in the absence of this reaction b.e equable in all parts, 
and a relatively greater proportion of carbonate of lime wonld be thrown 
down in the central region. It is noteworthy, however, that the off-
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shore equivalents of the Yellow Clay afford to superficial observation no 
indication of the presence of an exceptional share of precipitated car­ 
bonate of linie; so that while this consideration might help to sustain 
the general hypothesis it is not definitely sustained by facts of obser­ 
vation.

On the whole, the theory that the lake became fresh by desiccation 
finds too little positive support to entitle it to unreserved acceptance, 
but is controverted by no single known fact, and may therefore be con­ 
sidered to hold the position of a plausible working hypothesis. A series 
of investigations which have already been initiated by Mr. Russell in 
regard to the deposits of numerous natural evaporation pans of the 
Great Basin must eventually enable us to form a better judgment in 
regard to it than is possible at present. If it shall be established, a 
valuable addition will be made to the history of the ancient lake, for it 
will be shown that the climate in the inter-Bonneville epoch was so much 
drier than the climate of the present day that the water surface of the 
basin, which now has an extent equal to one tenth that of the broadest 
area of Lake Bonneville, completely disappeared. In our tentative his­ 
tory of the lake and the climate, subject always to revision with the 
addition of new facts, we cannot do better than to incorporate this ele­ 
ment.

We now turn from the history written by the sediments to the con­ 
temporaneous history written by the shorelines.

Before the existence of Lake Bonneville its basin was dry, or nearly 
so. The water rose at the beginning of the epoch represented by the 
Yellow Clay, and receded to the base of the slope at the close of that 
epoch. It rose and fell again at the beginning and end of the epoch 
represented by the White Marl. Thus its margin was carried four times 
over the slopes of the basin, and every part of the profile was four 
times subjected to the action of the waves. In localities so circum­ 
stanced that the work of the waves was destructive, a portion of the land 
being eaten away, each successive attack cut deeper into the rock or 
earth and obliterated the traces of preceding attacks. In localities so 
circumstanced that the work performed by the waves was constructive, 
embankments of detritus being added to the pre-existent surface, each 
successive advance or recession built its embankments upon those which 
had previously been made and wholly or partially concealed them. The 
series of shorelines last formed are, therefore, generally speaking, the 
only ones visible, and the actual configuration of the surface is, in gen­ 
eral, that wrought by the last passage across it of the water margin. 
Since the water is now at low stage, the last passage was a recession, 
and it was therefore assumed, both by the writer and by others, during the 
earlier progress of the study of the lake, that all of the visible shorelines 
represent lingerings of the water during its last recession. When, how­ 
ever, it became known that the portion of that recession included be­ 
tween the Bonneville and Prove shorelines was caused by the gradual



GILBERT | OVERLAP. 181

cutting away of the barrier at the point of outlet, a difficulty arose, for 
the interval between the Bonneville and Provo shows m many places a 
number of well-characterized (Intermediate) shorelines, and it appeared 
strange that the rate of lowering should have been so irregular as to 
have permitted their formation. It was at first suspected that the linger- 
ings of the water might have been determined by ledges of exceptional 
hardness in the material through which the outflowing channel had to 
wear its way, but an examination of the point of outlet gave no indica­ 
tion of the existence of such ledges. The idea then suggested itself 
that the phenomena were due to oscillations of climate, whereby the 
volume of discharge had been alternately increased and diminished, so 
that the rate of erosion had been alternately rapid and very slow; and 
with a view to testing s this theory an elaborate study of the groups 
of embankments associated with the Intermediate shorelines was un. 
dertaken. The result of the investigation was entirely unexpected, but, 
was none the less satisfactory, for it included a determination of the 
order of succession of nearly the entire series of shore marks.

When two embankments formed at successive water stages are so 
far separated upon a pre-existent slope that they are entirely distinct, 
they afford no means of determining their relative age, but if they are 
contiguous, one must always overlap the other in some way, and the de­ 
termination of this overlapping serves to establish the order of priority. 
Thus, if the line a 1) of the diagram is the profile of a pre-existent 
slope upon which the series of shore embankments 1, 2, 3,-and 4 have 
been built, then it is impracticable to determine the relative age of 2 
and 3 or of 2 and 4, but it is evident that 1, which rests upon 2, must 
have been later formed, and that 3 was built before 4 which rests 
against it. This relation is not expressed by the external forms, for the 
profile of the group 1-2, is identical with that of the group 3-4, but 
purely by the manner in which they are superposed. To make the de-

Fio 18 —Diagram illustrating the superposition of shore enVbanlunenta

termination it is necessary to have a cross-section, and in the embank­ 
ments of the Bonueville Basin cross-sections are rarely exposed, for 
the reason that the recency of their formation has given subsequent 
erosive action little opportunity to perform its work. Nevertheless,
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a few localities were by patient search discovered, and although none 
of them sufficed to tell the entire story it was found possible so to 
combine their elements as to develop a tolerably complete history of 
the series of events by which the Intermediate shorelines were pro­ 
duced.

A graphic transcript of that history is given in Figure 19, where 
the chronologic order of the deposits is, first Y, then I, J, K, L, M, B, 
and P. The series of embankments YY was not discovered in section 
and the succession of its parts is unknown. I, J, K, L, and M, are the 
embankments of the Intermediate shorelines and their order of forma­ 
tion was from below upward; that is to say, they were built by the 
rising water and not by the falling. B is the^Bonneville shoreline, 
formed after the completion of the Intermediafre; and P, the Provo, last 
of all. The series YY records the first rise of the water and is the lit­ 
toral equivalent of the Yellow Clay. It shows that the water at that 
time reached an extreme level about ninetyfeet lower than the Bonneville 
shore, and by so much failed to attain the height necessary to produce 
an overflow. The overlying banks from B to P record the second rise 
of the water and are the littoral equivalents of the White Marl. Their 
order of succession shows that the water rose by gradual stages until it 
reached its maximum at the Bonneville shore, and then, when an over­ 
flow had once been established, cut away the barrier and fell to the

JTJ9.19 —Diagram, showing the Overlap and Chronologic Order of the Shore Embankments of the
Bonneville Basin

Provo level with a rapidity that afforded no opportunity for a record of 
the stages of its progress. At the Provo level the water was long 
retained by the resistance of the limestone sill at the point of outlet, 
and embankments of exceptional magnitude were formed on its shores. 

It is especially interesting to learn that the second rise was higher 
than the first, for this fact carries with it the conclusion that the second 
great wave of climate was more strongly characterized by moisture than
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the first. Combining this information with that afforded by the sedi­ 
ments, we have the two climatic maxima distinctively marked: the first 
was long and relatively mild; the second was short and relatively in­ 
tense.

It remains to consider the beginning of the Bonneville history. The 
history of the lake is written by wave sculptured topography and by 
lacustrine deposits. The history of the basin before the lake is written 
by rain-sculptured topography and alluvial deposits.

We are unaccustomed to think of the ordinary forms of land as a 
work of scnlpture, but that is none the less their origin. If we except 
those restricted areas which have received their configuration from the 
recent occupation of lakes and oceans and those other restricted areas 
which owe their shapes to the passage of glaciers and the heaping 
of glacial debris, the whole surface of the land exemplifies the plastic 
art of the rain. The work of the wind is accessory to it; subterranean 
forces of npheaval and of volcanic energy give rise to mountain masses, 
and variations of hardness in the rocky strata of the earth assist in deter­ 
mining the positions of hills and crests and ridges; but rain is the agent 
which actually develops the forms we see. It penetrates rocks and 
dissolves them; swollen by frost it disintegrates them; it beats npon 
them and washes away the fragments, and gathering in rills, creeks and 
rivers it erodes channels and carries the de"bris to the valleys and the 
ocean. Its work is in the highest degree systematic, persistent and com­ 
plete, and it either has molded or is molding every geographic form of 
natnre to exemplify the laws of its action. Our eyes are so accustomed 
to these forms that we unconsciously anticipate them and readily detect 
the exceptional nature of all differing elements of sculpture. The sculpt­ 
ure wrought by the waves affords so marked a contrast that the eye 
distinguishes it at once, and it is thus that the tracing of the Quaternary 
lakes is made possible.

The sculpture of a mountain by rain is a twofold process; on the one 
hand destructive, on the other constructive. The upper parts are eaten 
away in gorges and amphitheaters until the intervening remnants 
are reduced to sharp-edged spurs and crests, and all the detritus thus 
produced is swept outward and downward by the flowing waters and 
deposited beyond the mouths of the mountain gorges. A large share 
of it remains at the foot of the monntam mass, being bnilt into a smooth 
sloping pediment. If the outward flow of the water were equal in all 
directions this pediment would be uniform upon all sides, but there is a 
principle of concentration involved whereby rill joins with rill, creek with 
creek and gorge with gorge, so that when the water leaves the margin 
of the rocky mass it is always united into a comparatively small number 
of streams, and it is by these that the entire volume of detritns is 
discharged. About the mouth of each gorge a symmetric heap of allu­ 
vium is produced—a conical mass of low slope, descending equally in all 
directions from the point of issue; and the base of each mountain ex-
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hibits a series of such alluvial cones, each with its apex at the month of 
a gorge and with its broad base resting upon the adjacent plain or valley. 
Barely these cones stand so far apart as to be completely individual 
and distinct, but usually the parent gorges are so thickly set along the 
mountain front that the cones are more or less united and give to the 
contours of the mountain base a scalloped outline.

The Bonneville Basin is surrounded by and interspersed with mount­ 
ains, and from the summits of these down to the Bonueville shore the 
entire topography is of a rain-wrought type. Prom the shoreline down­ 
ward to the valleys and plains its nature is composite, uniting the ele­ 
ments of wave sculpture with those of rain sculpture, but the manner 
of union is not indiscriminate and in it is written what we know of the 
pre-Bonneville history of the basin. All of the larger elements belong 
to the domain of rain, and upon these the elements derived from wave- 
work are lightly engraved and embossed. The alluvial cones of the 
mountains do not find their bases at the level of the upper shoreline, but 
extend downward uninterruptedly to the bottoms of the valleys, while 
the shorelines are wrapped about them, all of the greater capes and bays 
being determined by a pre-existent, rain-wrought configuration. Rain 
therefore dominated the basin before the lake, and the basin was empty 
for a long period before it was full.

The same story is told by the deposits. The alluvial cones are^snb- 
aerial deposits, the lake beds subaqueous; and wherever a section of the 
latter is obtained upon the margins of the basin they are found to overlie 
unsorted accumulations of alluvium. The two are so distinct in charac­ 
ter that they cannot be confused. The lake beds .are fine earths, evenly 
laminated, and of great uniformity throughout the central district. 

-Toward the margins they usually become coarser, passing into sands at 
first and being finally exchanged at the shore for thoroughly sorted 
gravel, smoothed and rounded by the rolling action of the waves. In 
the alluvial deposits no stratum is widely continuous and few are homo­ 
geneous, but coarse and fine fragments are mingled indiscriminately or 
with an obscure and lenticular bedding.

Form and substance thus conspire to prove that the lake had a be­ 
ginning as well as an end, and that before its inception the basin was 
for a long time subjected to the ordinary laws of sculpture by the 
action of rain. It must not be supposed, however, that the period of 
exclusive rain sculpture was one of great aqueous precipitation, but 
rather the contrary. A large rainfall would fill the basin and subject 
its lower parts to lacustrine influence. Only a small precipitation, or a 
climate of relative aridity, could leave the lower valleys dry and give 
the entire slope to the unrestricted action of such rain as fell. The evi­ 
dence of ancient rain sculpture in the lower slopes is therefore in this 
case the evidence of an arid climate instead of a humid one, and our 
data warrant the belief that the Bonueville epoch was an episode of 
moisture interpolated between the aridity of the present day aud the 
aridity of the past.
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It is probable that with the diminished rainfall of the present day 
the wear of the mountains is slower than during the Bonneville epoch, 
and it is probable that it was similarly slow during the ante-Bonneville 
period of aridity. Detritus was therefore furnished less rapidly for the 
construction of the old alluvial cones than for the building of lake strata, 
and the magnitude of the cones as compared with the lake beds would 
lead us to ascribe an immensely greater duration to the ancient dry cli­ 
mate than to the epoch of moisture. It is to be borne in mind, however, 
that a moist period could make its record by shorelines and lake beds 
only on the condition of the existence of a closed basin, and it is a matter 
of geologic history that the Bonnevillo Basin came into being after the 
deposition of the latest Tertiary deposits known in the region. It is im­ 
possible to tell what fraction of the work of the construction of the allu­ 
vial cones was performed after the occurrence of the upheavals and sub­ 
sidences to which the basin owes its origin, and it is therefore impossi 
ble to assign even a proximate limit to the duration of the dry epoch 
demonstrated to have preceded the Bonneville hnmidity; bnt it may 
be asserted with confidence, that the duration of the earlier period 
was not merely greater than that of the Bonneville bnt many times 
greater, for the condition of the vnrions passes which constitute the 
lower parts of the rim of the basin suffices to show that the waters were 
not discharged for a very long period antecedent to the Bonneville out­ 
flow.

It follows from what we have said of the sculpture of mountains that 
an alluvial foot-slope is a necessary concomitant of an angular summit. 
It is impossible that the higher parts should be carved into peaks and 
scored into gorges without the accumulation of eroded material at the 
foot of the slope. Bnt in the central parts of the Bonneville Basin, in 
the midst of the Great Salt Lake Desert, there are mountain peaks 
springing abruptly from the lake sediment without visible pediments of 
alluvium. They jut from the plain as abruptly as islands jut from the 
ocean, and the resemblance is so striking that it has canght the eye of 
the frontiersman and prospector, and the peaks have received such names 
as "Silver Islet," "Desert Island,"'and "Newfoundland." The resem­ 
blance involves something more than mere analogy, for they are really 
submerged, having their bases buried by the lacustrine deposits of Bon­ 
neville and earlier lakes. They serve to carry us back one step farther 
in the history of the basin, for they record a time when the visible 
lacustrine strata did not exist and when the relation of altitudes was 
such that the detritus from the peaks, instead of being arrested where it 
now is by the plain, was free to descend the slope for an additional dis­ 
tance of at least some hundreds of feet. At that time the basin may 
not have been a basin and may have permitted its drainage to escape 
to the ocean; bnt during the whole period required for the burial of 
the mountain bases its barriers must have been in existence so as to 
render the desert the repository of detritus. Before Bonuevillc Lake,
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therefore, there was a long history of smaller lakes in the Bonneville 
Basin. This history we cannot read in detail because the sediments 
which record it lie beneath the plain, completely buried by those of the 
later lake.

Putting together all these several elements we may construct the 
Bonneville history with some confidence:

1. A long period of dry climate and low water, during which the 
mountains of the desert were buried and the alluvial slopes of marginal 
mountains were formed.

2. A period of moist climate and high water, during which the Yellow 
Clay was deposited and the shore was carried within ninety feet of the 
summit of the lowest barrier of the basin.

3. A period of extreme dryness, during which the lake disappeared 
and its salt was buried.

4. A relatively short moist period, during which the White Marl was 
thrown down and within which the water overran the barrier, diminish­ 
ing by erosion its height at the point of discharge.

5. The present period of relative dryness.

•e s

FIG 20 —Curve of the Quaternary Oscillations of Climate, as recorded l>y Lake Bonneville

In the diagram an attempt has been made to give a graphic repre­ 
sentation of these oscillations of climate. The lower horizontal line 
represents the dry climate of the present day. The upper horizontal 
line represents a climate with such a degree of moisture as to permit 
the basin to overrun its rim. The relative proportions of the curve are, 
of course, tentative and crude, for the investigations have afforded no ab­ 
solute time gauge and very little that can be interpreted in time ratios. 
We know that the moisture was greater at the time of the second rise 
than at the time of the first, but have no means of telling how much 
greater. We know that the earlier rise was of longer duration than the 
later, but do not know how much longer, because the Yellow Clay which 
represents it has never been seen in complete section. It is theoretically 
probable that the inter-Bonneville dry epoch was characterized by a cli­ 
mate more arid than the one we experience, but we cannot say how 
much its aridity exceeded the present, and of its duration we only know
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that it was far briefer than that of the dry period preceding the first 
rise of the water.

If it were possible to replace this tentative curve by the actual curve 
of climatic oscillation for the same period, we should undoubtedly 
have a form less simple in its character. Indeed, there is abundant 
evidence that each great rise and fall recorded by the shorelines of 
Lake Bonneville was interrupted by intervals of reverse motion, the 
rising water occasionally hesitating and sinking for a time, and the fall­ 
ing water occasionally oscillating upward. It may bo asserted with 
some confidence, however, that the history includes but two great 
waves. If the water had many times, instead of twice only, risen to 
the upper levels of its range, the tell-tale sediments could not have 
failed to record the intervening subsidences.

The student of the climate of the Glacial Epoch will be interested to 
compare this history with that deduced from the glacial beds of Europe 
and the United States, and if he correlates the second humid wave with 
the Eeindeer Epoch of English geologists he will be surprised to find that 
in Utah the climate was more severe than during the first maximum, 
although maintained for a shorter period. It is yet too early, however, 
for final conclusions, for the Bonneville history is but one of a group, 
and when Lake Lahontan and the other lakes of the ancient family 
have received a similar treatment the conjoint verdict of the whole may 
be notably different from the single verdict of an individual lake. 
There is a partial blank in this history, regarded as a history of climate, 
embracing the period while the lake overflowed, for then its water level 
ceased for a time to be an index to the amount of precipitation. There 
is another partial blank during the inter-Bonneville desiccation. It is 
by no means improbable that these will be filled by the evidence to be 
gleaned in other valleys of the Great Basin.

Before leaving the subject of the chronology of the lake, I cannot 
forbear to add my testimony to that which other geologists have ren­ 
dered of the extreme brevity of the Quaternary as compared with other 
divisions of geologic time. If it could be measured in years its extent 
might excite our wonder, but when gauged by thoss imperfect standards 
to which geologists are limited it appears of extreme insignificance 
because overshadowed by the greater magnitude of all other elements 
of geologic duration. The weight of the bowlder which we strive to lift 
may seem great because our strength is small, but it is a mere trifle as 
contrasted with the distant hill, and we have no terms by which to.com­ 
pare it with the mountain beyond. Such differences the geologist must 
confess his inability to measure, but he is none the less impressed with 
their magnitude.

If we attempt to compare the duration of the Bonneville epoch with 
that of earlier portions of geologic time, we find no criteria available 
except those afforded by the relative thickness of the accumulated
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deposits, and these are practically valueless because rates of deposition 
are entirely controlled by extraneous conditions of which we have no 
knowledge in the case of the older deposits. A better, but yet a very 
inadequate, idea may occasionally be gleaned of the relative antiquity 
of different events by comparing the subsequent erosion. Eain, the 
great sculptor of natural forms, attacks all exposed surfaces of land, and 
whatever may have been their original shapes, works them over until 
they accord to certain types embodying a certain system of laws. Its 
attacks are renewed with unwearied persistency until its ends are accom­ 
plished. The sediments of a dead lake are measurably protected from 
it because they occupy depressions and have few slopes steep enough 
to be worn by running water, but shorelines are fully exposed and are 
powerless to resist. Nevertheless, the Bonneville shores are almost 
uumodified. Intersecting streams it is true have scored them and inter­ 
rupted their continuity for brief spaces, but the beating of the rain has 
hardly left a trace. The sea cliffs still staud as they first stood, except 
that frost has wrought upon their faces so as to crumble away a por­ 
tion and make a low talus at the base. The embankments and beaches 
and bars are almost as perfect as thongh the lake had left them yester­ 
day, and many of them rival in the symmetry and perfection of their 
contours the most elaborate work of the engineer. • There are places 
where bowlders of quartzite or other enduring rock still retain the 
smooth, glistening surfaces which the waves scoured upon them by dash­ 
ing against them the sands of the beach.

When this preservation is compared with that of the lowest Tertiary 
rocks of the region—the Pliocene beds to which King has given the 
name "Humboldt"—the difference is most impressive. The Pliocene 
shorelines have disappeared. The deposits are so indurated as to serve 
for building-stone. They have been upturned in many places by the 
uplifting of mountains; elsewhere they have been divided by faults, and 
fragments dissevered from their continuations in the valley have been 
carried high up on mountain flanks, where erosion has carved them in 
typical mountain forms.

If we look back to the lower Tertiary of the adjacent plateau region 
of Utah, Colorado, and Arizona, we find a still greater contrast, for the 
Eocene of the Colorado Basin has not merely lost its shorelines and been 
upturned and faulted; its whole great sheet, with the exception of a 
few marginal fragments, has been excavated and carried away, and 
with it have disappeared several thousands of feet of the strata that 
lay beneath it.

The date of the Bonneville flood is the geologic yesterday, and calling 
it yesterday we may without exaggeration refer the Pliocene of Utah to 
the last decade; the Eocene of the Colorado Basin to the last century— 
and relegate the laying of the Potsdam sandstone to prehistoric time.
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III. THE LAKE AND THE GLACIERS.

All geologists who have studied the Quaternary lakes of the Great 
Basin and at least one student of a Quaternary lake of the Old World, 
have agreed in regarding them as the contemporaries of the Quaternary 
ice-fields, but their conclusions have been reached purely by analogy. 
The moraines and other traces left by the ancient ice-fields are so fresh, 
in their appearance, so little impaired by the waste of time, that they 
are regarded as the record of an epoch immediately preceding the pres­ 
ent time. The same is true of the shorelines and deposits of the an­ 
cient lakes. It is further known that the Epoch of Ice was preceded by 
a still longer epoch not so characterized, just as the Bonneville Epoch 
was preceded by a longer epoch of relative dryness. More than tliis, 
the changes of climate were analogous in character. It is a matter of 
dispute whether the Glacial climate differed from that which preceded 
and followed it by an excess of moisture, or by a lowering of tempera­ 
ture, or by both. But whatever was its character it must have been one 
in which the ratio of precipitation to evaporation was relatively great; 
and that is the sole condition necessary to the production of the Quater­ 
nary lakes. But while this analogy is cogent and the conclusion to 
which it leads finds no opponent, it would, nevertheless, be more satis­ 
factory to establish the relation by direct observation, and it was there­ 
fore with great interest that attention was turned during the field work 
to a locality at the western base of the Wasatch Range where the mo­ 
raines of three ancient glaciers stretch below the limit of the ancient lake. 
It was anticipated that if the glaciers attained their maximum develop­ 
ment after the culmination of the lake their moraines would be found 
either to consist partly of plowed-up lake beds or else to rest upon lake 
beds; and if the history of the lake was subsequent to that of the glaciers, 
it was anticipated that the moraines would be found partially buried by 
the lake sediments or else scored by the shorelines. Neither of these 
anticipations was realized. Two of the terminal moraines were found 
to be entirely dissociated from the lake beds, so far as could be ascer­ 
tained, and they bear no trace of wave sculpture. The remaining term­ 
inal, that of Little Cottonwood Canon, is partially buried by a sandy 
deposit that bears some resemblance to a river delta, but which has 
been so deformed by a system of faults by which the region has re­ 
cently been shattered that its true character cannot be asserted with 
confidence. The locality failed therefore to yield the crucial evidence 
for which search was made, and practically afforded no contribution lo 
the subject. There is reason to hope, however, that a series of localities 
announced by Mr. Eussell as recently discovered upon the eastern flank 
of the Sierra Nevada will prove more communicative. His reconnais­ 
sance has served to show that the glaciers there descended and retreated 
more than once, and that their history has a determinable relation to 
that of the Quaternary predecessor of Mono Lake.
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IV. THE LAKE AND VOLCANIC ERUPTION.

The discovery of Kichthofen that the various lavas erupted in Western 
North America had a definite, uniform order of sequence has been abun­ 
dantly verified by all later investigations. And not only do his suc­ 
cessors in that field of inquiry find the order of sequence in every place 
the same, but some of them at least are disposed to assign a definite 
geologic date to the appearance of each variety of eruptive rock. The 
cycle of eruptions to which his conclusion applies belongs to the Tertiary 
and Quaternary history of the region, and the latest in order of the 
erupted rocks is basalt. Basalt is therefore the only volcanic rock the 
western geologist would expect to find associated with the phenomena 
of the Quaternary lakes, and so far as Lake Bonneville is concerned it 
certainly is the only rock thus associated. The only other eruptive rock 
known to appear within the circle of the shorelines is rhyolite, aud all 
of its masses are so ancient that they Lave lost by erosion all traces of 
their original forms. The same may be said of some basaltic masses,, 
but the greater number still preserve their original tabular shapes, and 
a few are still furnished with craters of cinder and slag. The majority 
evidently antedate the epoch of the lake, for they bear upon their sides 
the sculptured shore marks, and support on their flanks or backs the 
lake-spread sediments. To this rule, however, there are a few excep­ 
tions, and these serve, to bring down the period of basaltic eruption to 
a date subsequent to the last rising of the water.

In the vicinity of the town of Fillmore the Sevier Desert is diversified 
by a group of hills composed of volcanic ejecta, recording the latest 
plntonic activity within the Bonneville Basin. The extravasated ma­ 
terial appears in three forms, viz., couUes of lava, cratered cones of slag 
and cinder, and cratered cones of tuff.

The couUes are of the usual type, but by reason of the flatness of the 
surface upon which they flowed they are broadly spread, so as to con­ 
stitute fields rather than streams of lava. In the interior they are of 
compact basalt, but superficially they are for the most part greatly in­ 
flated by bubbles.

The cratered cones mark in every case the points of issue of couUes 
and are themselves the product of explosive action. They are com­ 
posed entirely of fragments which were hurled into the air from the 
vent and fell about the sides, piling up circular barriers, and they are 
of two distinct kinds, characterized by two kinds of fragments, slag 
and tuff'.

In the case of the slag cones there is every evidence that a large share 
of the ejected material was either molten or pasty at the time it reached 
the earth, the successive pellets being flattened out by the force of the 
impact and fitted to the surfaces upon which they alighted. The in-
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teriors of the craters are stuccoed with clots of spongy lava, which 
adhered in so soft a condition as to flow and drip more or less after they 
became attached. Besides these pasty masses there is a great quantity 
of light, brittle, spongy material, such as has been called "cinders" 
and "lapilh," and it is possible that this constitutes the greater bulk, 
but the surfaces are largely composed of taffy-like slag.

In the tuff masses, on the other hand, there is nothing to show that any 
of the ejected material was soft at the time it reached its resting place. 
Lapilli or cinders, similar to those which enter into the composition of 
the slag cones, but finer grained, make up nearly the entire mass, and 
are cemented together in a coherent body which betrays an obscuie 
bedding and has everywhere a brecciated appearance; in it are embed­ 
ded at rare intervals both rounded and angular fragments of basalt, 
and these, although they have evidently reached their position by vio­ 
lent ejection, are not of a scoriaceous or frothy texture, but are compact. 
These cones appear to have been formed by subaqueous eruption, and 
are free from slag because the presence of water made it impossible for 
small fragments to escape from the vent in a hot coudiuon.

The most conspicuous of the cones is Pavant Butte, otherwise known 
as the Sugar Loaf, which stands solitary on the plain, midway between 
the towns of Fuluiore and Deseret. It is composed exclusively of tuff 
and does not form a complete ring, but has a semi-lunar base, and ap­ 
pears never to have been closed upon the south side. Midway between 
its base and its summit it is encircled by a terrace, carved by the waves 
at the highest stage of the lake, and there is evidence that the two 
processes of wave sculpture and volcanic construction were carried for­ 
ward, in part, simultaneously, a first incision by the waves having been 
filled by new ejecta, and then partially reopened by later wave action. 
Pavant Butte, therefore, is the product of eruptions which occurred 
while the desert was covered by the lake, and the last addition to it was 
made during the highest stage of the lake.

At its base, and apparently constituting its foundation, there is a lava- 
bed half concealed by lacustrine sediments, but these sediments consist 
only of the White Marls, and nowhere exhibit the underlying Yellow 
Clay. It is probable, therefore, that the coulee outflowed during the 
inter-Bonneville epoch of low water.

A second crater, to which the name Tabernacle has been attached, 
is surrounded by two rims, the outer and older of which consists of tuff 
and the inner and newer of slag. No shorelines are carved on either 
tuff or slag, and no lake beds rest upon them. The eruption began, 
therefore, during a high stage of the lake and was continued or re­ 
newed after the water had fallen below the level of the vent. There is 
reason to believe, however, that the lake had not entirely disappeared, 
for a lava field -which outflowed from, the same vent during the forma­ 
tion of the slag cone, bears upon its outer margin the traces of the Provo 
shoreline. There is evidence also, in the exceptional thickening of tlio
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lava bed at its outer edge, that it encountered as it flowed tbe refriger­ 
ating influence of standing water, aud it is therefore concluded that 
the date of the last eruption from this vent was during the Provo stage 
of the lake or just before the final subsidence of the water.

A third group of craters, known as the Ice Spring group, is still more 
receut, and with its associated coulees overlies the latest of the lake beds, 
while no shorelines whatever impinge upon it.

The period of volcanic activity therefore continued entirely through 
the epoch of the lake, and was brought down so nearly to the present 
time that 'there is no warrant for assuming that its end has yet been 
reached. No one who has seen the fresh, black, unworn surfaces of the 
most recent couUes, still absolutely barren of vegetation, could be af­ 
fected by surprise if it should some day be announced that the now 
quiescent fires had again broken forth.

Y. THE HAKE AND MOUNTAIN BUILDING-

It is not many centuries since the learned and ignorant alike regarded 
mountains as the embodiment of stability aud permanence; but since 
the birth of geology it has been abundantly shown, first, that the sites 
of many individual mountains were in the remote past occupied by 
plains or oceans; second, that in the remote past there were mount­ 
ains where now are only plains; and, third, that on account of the un­ 
ceasing erosive work of the elements no mountain can be permanent. 
Each mountain therefore has a history,—involving its inception, its 
growth, its decay, and finally its extinction. With slight exception all 
mountain growth is by subterranean action, and if we exclude volcanic 
mountains from consideration we may refer mountain building almost 
wholly to upheaval. With slight exception the destruction of mount­ 
ains is by erosion, and in most mountains the formative and destruct­ 
ive processes at some time coexist. So soon as the formation of a 
mountain is initiated, slopes are created which enable rain and streams 
to wear away its surface, and since this wear never ceases until its final 
and complete destruction, it is contemporary with every stage of growth 
except the initiative. The magnitude of each mountain at any time 
represents the excess of formation over destruction, of upheaval over 
erosion. Actual increase takes place only when the growth exceeds the 
decay, and actual decrease only when the decay by erosion is more rapid 
than the growth by upheaval.

Up to this point all geologists are agreed; but there is a difference of, 
opinion in regard to the rate of formative action, and upon this differ­ 
ence investigators may be regarded as divided into two classes, each of 
which represents a tendency of thought. On the one hand are those who 
conceive that each mountain rose more or less abruptly, either by a sin-
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glc movement at a definite point of time, or else by a small nnmber of 
such movements separated by Ion g interval s of time. On the other hand 
are those who think the formative movement is continuous and slow, 
variable indeed in its rate, but never in any large way paroxysmal. 
Undoubtedly there are still others who hold to a middle ground of opin­ 
ion, but in a general way geologists tend to catastrophism on the one 
hand or to uuiformitarianism on tlie other.

Neither of these views is open to the charge of being purely specula­ 
tive, but each can claim in its support a body of unquestioned facts of 
observation. The advocates of each include men of wide experience 
in the direct study of nature, and who must be supposed to have 
founded their ideas upon that study, and not to have been controlled by 
such preconceptions as closet philosophy is apt to engender.

The two theories in regard to the origin of mountains are correlated, 
however, with certain notions concerning the condition of the interior 
of the earth, which are necessarily to a great extent speculative. To 
the catastrophist it is natural to conceive the crust of the earth as a 
body of great rigidity and strength, resisting the force applied to it by 
subterranean action until by cumulation it had become very great, and 
then suddenly yielding. To the uniformitarian it is natural to conceive 
the crust of the earth as in a high degree mobile, responding promptly 
to all subterranean influences and reflecting them in the configuration 
of its surface. These differences of view are in the main independent of 
those other differences which are concerned with the thickness of the 
crust, and some physicists who are disposed to assign a great thickness 
to it or even to regard the entire mass of the earth as solid are at the 
same time of the number who ascribe an extreme mobility to its mate­ 
rial.

To the catastrophist the growth of each existing mountain is a work 
of the past, the present day witnessing only its decay. He does not 
necessarily regard the work of mountain making as complete and look 
to the gradual extinction of mountain masses from the present time 
onward, but he at least views the present as a period of inactivity and 
conceives the mountains of the future as the products of paroxysms 
yet to occur. To the uniformitarian the present is, equally with the 
past, an epoch of mountain building, and whether the present rate be 
more rapid or less rapid than that of the past, the process is ever the 
same. He therefore expects to obtain from a study of that which is 
actually transpiring such criteria of judgment as will enable him to 
understand the revolutions of the past.

Erosion begins with the inception of a mountain, but is at first a 
slow process, because the gentle initiative slope gives to flowing .water 
only a small velocity, and with a small velocity its erosive power is 
feeble. As the mountain rises the declivities of its sides increase and 
the eroding streams have greater power; so that the rate of waste of a 
mountain depends upon its height. There are other considerations 
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which affect the matter, and the controlling conditions are somewhat 
complex, but it is true in a general way that as mountain masses grow 
the rate of waste increases much more rapidly than the altitude. It was 
hence argued most cogently by Powell that all large mountains are 
young mountains, and from the point of view of the uniformitarian, it 
is equally evident that all large mountains must be growing mountains; 
for if the process of growth is continuous and if a high mountain melts 
with exceptional rapidity before the play of the elements, it is illogical 
to suppose that the uprising of any mountain which to-day is lofty has 
to-day ceased. If, therefore, it were possible to ask of all great mount­ 
ains the question whether they are now growing, and obtain an answer, 
a solution might be reached of the problem which has divided investiga­ 
tors; and for this reason great interest attaches to any answer which can 
be obtained in the ease of any mountain. We shall presently see that 
the lake vestiges help us to an answer with regard to some of the mount­ 
ains of Utah.

The origin of continents is closely allied to that of mountains. It is 
known by the same sort of geologic evidence that every part of every 
continent has beefl at some time submerged beneath the ocean, and that 
some parts have been many times submerged, and it has been estab­ 
lished with equal certainty that at least some parts of the ocean have in 
the ages of the past been continental. The submergence of the land 
now continental has not been equable in all parts, but some districts 
were flooded while others were uncovered, and vice versa. Those dis­ 
tricts which are at any time submerged aft then subject to sedimentation, 
and those which stand as land surfaces are more or less degraded by 
erosion; but erosion and sedimentation both have their limits at sea level, 
and have no power either to build the sea bottom into land or to sub­ 
merge the land. All the great changes have been produced by earth 
movements of uprising and depression, and must be referred to the ac­ 
tion of subterranean forces either similar to or identical with those which 
have produced mountains.

With reference to the rate of continental movements, there is not the 
same conflict of opinion as concerning the growth of mountains, but 
they are generally regarded as slow and continuous. And there are 
none to question the fact that there have been notable local changes 
in the height of the land since the close of the Glacial Epoch and even 
some measurable changes within historic time. The evidence by which 
these movements are known has been derived almost exclusively from 
the vicinity of the ocean, but there are a few inland localities which afford 
facilities for their determination. The basin of Lake Bonneville is one 
of those localities.

Each shoreline of the old lake was originally the tracing of a level 
surface and was therefore horizontal. If it is not horizontal now, oro- 
graphic movement must have intervened, and the difference of level be­ 
tween any two points of the same shore measures exactly the difteren-
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tial movements of the two points. It is, of course, conceivable, and it 
is indeed far from being improbable, that the entire basin has bodily 
moved upward or downward in the same interval of time, but of such 
changes the shorelines can give no proof; their evidence is limited to 
the relative vertical movements of different parts.

The value of the shorelines as au orographic reeord was early appre­ 
ciated, and great pains were taken, not only during the past summer 
but at every opportunity in previous years, to ascertain by the aid of 
the spirit level the altitudes of the Bouneville and Provo shores at as 
many points as possible. The numerous railroad surveys which now 
intersect the region made it possible by running short accessory lines 
of leveling to compare together widely separated portions of the coast, 
and still other comparisons were made by running levels from the 
water surface of Great Salt Lake at various points of its margin to 
the ancient water margins upon contiguous mountain slopes. Where 
the use of the level was impracticable recourse was had to the barome­ 
ter, and although its determinations are far less trustworthy they were 
made with such precautions and under such restrictions that the addi­ 
tional information they convey cannot be regarded as entirely valueless. 
The summer's work increased the number of determinations of the 
Bonneville shoreline by spirit level to seventeen, and of the Provo 
shoreline to nine. In localities where no means were available for the 
determination of the absolute height of the water marks, it was never­ 
theless frequently possible to ascertain the relative altitudes of the dif­ 
ferent shores, and this was repeatedly done; so that the difference of 
altitude of the Bonneville and Provo shorelines is somewhat more 
widely known than the absolute altitude of either.

The general results of the investigation are, first, that neither of the two 
shorelines is now horizontal, and, second, that the two are not parallel; 
whence it is evident that the region has been the scene of orographic 
movements both during the existence of the last high stage of the water 
and since the final subsidence. The detailed results are not so simply 
stated, but they are too interesting and instructive to be passed in silence.

At the time of its formation every part of the Bonneville shoreline 
(for example) fell within the same horizontal plane, and we may con­ 
ceive that plane as extending indefinitely not only through the mount­ 
ains beyond the water margin but over the valleys filled by the water, 
and as having a fixed relation to the bottom at every point. Every 
orographic movement which took place subsequent to the formation of 
the shoreline would have the effect of deforming this imaginary plane; 
and if we were able to determine at all points the present position of 
the plane we conld draw a perfect picture of the deformation effected 
by subterranean forces in the given interval of time. The only portion 
of the plane, however, which can now be determined is that marked 
by the shoreline, and our knowledge of the deformation cannot there­ 
fore be perfect. Nevertheless, the ancient lake had so sinuous a shore.
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and its surface was so frequently interrupted by islands, that a highly 
instructive restoration of the deformed plane could be made if only we 
knew the present height of every part of the shoreline; and even from 
the imperfect data which have been gathered it has been practicable 
to obtain a rude idea of the general character of the displacement.

If an outline of the lake be traced on a map, and if all points of the 
old shoreline which have now the same altitude be connected by a line, 
it is evident that this line will constitute a contour* of the surface of 
deformation. It is further evident that if a number of such lines be 
drawn, each at a different height, and if their several heights be chosen 
so as to form a uniform series, the lines will constitute a contour map 
of the deformed surface. An attempt was made to do this.

Three maps of the lake were prepared, and upon them the data were 
plotted. On the first every locality at which the height of the Bonne- 
vine shoreline had been determined was marked by writing the figures 
which express, in feet, the altitude of the shoreline at that point above 
the water surface of Great Salt Lake; on the second the determined 
heights of the Provo shoreline were similarly plotted; and on the 
third the determined differences of height between the two shorelines. 
The data on the first map illustrate changes which have occurred in the 
interval of time from the formation of the Bonneville shoreline to the 
present day; those on the second illustrate changes which have taken 
place between the formation of the Provo shoreline and the present 
day; and those on the third illustrate changes occurring after the for­ 
mation of the Bonneville shoreline but before the completion of the 
Provo. When it was attempted to draw contour lines through and 
among the determined points of the third chart, it was found that the 
data were so irregular that they could be satisfied by no simple system 
of contours, and of the numerous complex systems which could be in­ 
vented in conformity with them there was no single one entitled to 
preference. The result was therefore indeterminate. The chart of the 
post-Provo deformation proved more tractable, and all of its data were 
found to consist well with a simple system of contours drawn at vertical 
intervals of 25 feet. The post-Bonneville chart, which in the presence 
of full data should represent the combined result of the other two, was 
found to hold an intermediate position in facility of interpretation, ad­ 
mitting of a scheme of contours with vertical intervals of 100 feet. The 
post-Bonneville and post-Provo charts are reproduced in Plates XI/II 
and XLIII._________ •______

* A contour is a device for the expression of topographic forms. Conceive a lull to 
be intersected by a horizontal plane; tlie line in which the plane meets the surface of 
the hill is a contour of the surface, and has everywhere the same height. If there 
are many intersecting planes parallel to each other and separated each from each by 
the same space, the corresponding contours constitute a system. It is evident that 
•where the slope is steep, contours will fall near together, in a horizontal sense, and 
where it is gradual they will fall farther apart. When the contours of a hill are 
traced on paper they constitute a contour map. In practice the lines are not drawn 
on the ground, but ou paper only, as a means of expressing tho form of the ground.
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Referring to Plate XLII it will be seen that the figure of deformation 
of the Bonneville shoreline exhibits at the north, in the district of the 
main body of the lake, an axis of uplift, coinciding approximately with 
the 113th meridian. The altitudes determined at Promontory and near 
Grantsville, points which lie slightly to the east of that meridian, are 
greater by about 100 feet than those along the eastern and western 
shores of the old lake. The westward slope of the anticline was demon­ 
strated by a single station only, that near the town of Tecoma, and was 
not traced farther south, but the eastward slope was traced contin­ 
uously southward along the eastern shore of the old lake quite to its 
southern end. At the extreme southern limit of the lake, the south­ 
western shore of Escalante Bay, there is a rapid rise of the surface of 
deformation toward the west, amounting to 200 feet in a distance of 
about twenty-five miles. In the northern part of the lake the range of 
altitudes, all of which were determined by spirit level, is 168 feet. At 
the south, where a portion of the altitudes were determined by the aid 
of the barometer, the range is 353 feet.

Plate XLIII exhibits in the same manner the curves of deformation 
of the Provo surface and the data from which they were drawn. At 
the Provo level the lake did not extend so far south as the Escalante 
Bay, and no verification is afforded of the indications there given by the 
Bonneville shoreline, but at the north the lines curve in a precisely 
similar manner about an axis in the vicinity of the 113th meridian. 
The greatest determined altitude of the Provo shoreline above Great 
Salt Lake is 680 feet, at the north end of the Aqui Mountains, near 
Grantsville, and the least determined height is 553 feet, ;it a point Unowu 
as White Mountain, near the town of Fillmore; the difference between 
these two, or the range of all the determinations, is 127 feet.

The principal concurreut result of the two systems of measurement— 
that a region in the middle of the main body of the ancient lake has in 
recent times been upraised with reference to the adjacent region at the 
east—finds a curious and interesting support in an entirely independent 
fact. Great Salt Lake does not occupy a marked local depression but 
rests upon the surface of a broad plain. Its mean depth is scarcely fifteen 
feet, and only a slight oscillatory movement of the plain would be neces­ 
sary to decant its water into another portion. By reverting to the map 
in Plate XLIII, the reader may obtain a clear idea of the form of this 
plain and of the position of the lake upon it. He will see also that 
the Bear Eiver, the Weber, and the Provo, the only large streams 
which send their water to the plain, all rise tp the eastward and enter 
it from the east side. That is the side of the Wasatch Mountains 
and associated uplands, which in the time of Lake Bonneville as well 
as now afforded the chief and almost exclusive water supply of the 
basin. The sediment which accumulates in the basin is brought to it 
by the' tributary water, and the greater part of it is conveyed by 
these large streams flowing from the east. If there were no disturbing
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causes it is easy to sec tliat tlie detiitns would build up tlie eastern 
side of the plain and leave the greatest depression at the west. The 
normal position of Great Salt Lake is therefore in the extreme western 
part of the basin, between meridians 113 and 114, and its actual position 
between meridians 112 and 113 must be regarded as abnormal. To 
account for it there is no hypothesis so simple and satisfactory as that 
which assumes an orographic tilt of the surface of the plain—a tilt ex- 
ecuted at a rate sufficient to overcome the opposing tendency of the 
silt-bearing streams from the east. The position of the lake therefore 
conspires with the indication of the deformed ancient lake margins to 
show that the region of the eastern margin of Lake Bonueville has re­ 
cently undergone depression and presumably is still subsiding.

The gentle undulations of the eaith's crust which are thus exhibited 
are of the order of those which have produced continents and have con­ 
tinuously modified their contours and limits. Indeed Great Salt Lake 
is in some sense an epitome of the ocean, and its position within its 
basin is as thoroughly controlled by orographic displacement as are 
the greater features of the distribution of laud and water upon the sur­ 
face of the globe.

When these movements are spoken of as " orographic " it must not be 
understood that they are here concerned in the construction of mount­ 
ains. The greatest mountain of the district, and the one therefore to 
which the uniformitarian would look for evidence of recent growth, is 
the Wasatch, a massive range which forms the eastern wall of the desert. 
The deformation indicated by the shorelines actually diminished its alti­ 
tude with reference to parallel and smaller ranges at the west, instead 
of increasing it, and therefore tended to make it a less conspicuous 
structure than before. There were, however, other changes in progress, 
and these, as we shall see, had the eifect of really increasing the height 
of the Wasatch above its base.

It should be said in passing that the only growth of a mountain 
with which we are here concerned is growth as referred to the adjacent 
country. It is hardly conceivable that it should ever be known whether 
the summit of a mountain is at one time nearer the center of the earth 
than at another, and it is a matter of great difficulty to determine the 
relation 111 altitude which a mountain summit bears to our least variable 
datum plane, the level of the ocean. And even if these relations were 
known they would not determine the height of a mountain as a mount­ 
ain, because no eminence, however great, would constitute a mountain 
unless surrounded by land of less altitude. In discussing the growth 
of a mountain, therefore, we are concerned only with the relation of its 
crest or its mass to the adjacent lowlands, and we must regard it as 
actually growing so long as its height increases relatively to the low- 
lauds.

In order to understand the evidence of the recent growth of the Wa­ 
satch it is necessary to understand its general structure. In detail its
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structure, like that of most mountains, is highly complex, but its domin­ 
ating feature admits of easy statement. Before the mountain rose its site 
•was occupied by horizontal strata. The uplifting by which it was pro­ 
duced had the effect of bendmg these strata upon one side, but broke 
them off upon the other, so that at the east the superficial strata of the 
country are seen to turn up toward the flauks of the range, while no 
such phenomena appear at the west. The diagram will probably con­ 
vey the idea more clearly than words. At A are represented the hori­ 
zontal strata from which the rocks of the mountain were torn away. At 
B the dissevered prolongations of the same strata appear in an upturned 
position. If there had been no erosion during the uplifting of the mount­ 
ain it would be much higher than it actually is, and the crest would 
have some such position as that indicated by the dotted line. But 
erosion has actually supervened, and a large share of the uplifted mass 
represented by C has been worn away and deposited upon the flanks of 
the range in the strata D and E. Approaching the mountain from the

west. East.
FIG 21 — Generalized Croaa-aection of the Wasatch Bange

west one traverses the surface of the deposit E, which is made up en­ 
tirely of fragments from the range, and at the point F passes abruptly 
onto solid rock—the worn edges of the upturned strata. He crosses 
there the line produced by the intersection of the fault plane with the 
surface of the ground, and this line is everywhere marked at the pres­ 
ent day by an escarpment or sudden ascent, produced by the last slip­ 
ping of the rocks along the fanlt plane.

Mountain structures of this sort are not inftequent in the Great Basin, 
and it is by no means rare that a definite escarpment is found at the 
base of a range, recording a faulting at so recent a date that its evidence 
has not been obliterated by erosion, but there is usually no manner of 
fixing the date of the last movement with any high degree of precis­ 
ion. In the case of the Wasatch, however, our information is concise. 
The slopes interrupted by the escarpment are not simple alluvial slopes 
or rock slopes carved by subaerial agencies, but are slopes characterized 
by the peculiar sculpture of the waves; and the phenomena show not
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only that the last uplift of the Wasatch took place after the forma­ 
tion of the Bonneville aud Provo shores, but that the water of Great 
Salt Lake has not since been even fifty feet higher than it is at present. 
It is therefore demonstrated that an actual uplift of the mountain 
occurred at so recent a date as to leave no reasonable suspicion that its 
growth has now ceased.

The amount of displacement along this fault plane is not great, but 
it is probably greater than the amount of coincident erosion of the 
mountain top; so that it is reasonable to believe that the Wasatch is a 
greater mountain now than it was during the existence of the Bonne- 
ville Lake. Where the range is highest the amount of recent faulting 
at its base is from fifty feet to seventy-five feet, and it diminishes ir­ 
regularly in either direction—the fault being traceable from the town of 
Willard at the north to that of Levan at the south, a distance of one 
hundred and thirty-five miles.

SUMMARY.

In brief, the work of the year may be said to have completed the 
demonstration of the following conclusions:

1. The climatic episode of which Lake Bouneville was the expression 
consisted of two humid maxima, separated by an interval of extreme 
aridity. The second maximum was the more pronounced; the first the 
longer.

2. The time elapsed since the close of the Bouneville epoch has been 
briefer than the epoch, and the two together are incomparably briefer 
than such a geologic period as the Tertiary.

3. The period of volcanic activity in the Great Basin, which covered 
a large share of Tertiary time, continued through the Quaternary also, 
and presumably has not yet ended.

4. Such earth movements as are concerned in the molding of conti­ 
nents had not ceased in Western Utah at the close of the Bonneville 
Epoch, and presumably have not yet ceased.

5. The Wasatch Eange, the greatest mountain mass of Utah, has 
recently increased in height, and presumably is still growing.
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INTRODUCTORY.

In the subjoined pages I shall endeavor to give a concise description 
of the general scope of the above memoir, and present a brief abstract 
of the more important practical conclusions arrived at, reserving to my­ 
self, however, the liberty of modifying the same between this and the 
time of publication, if further study renders it necessary.

The extremely complicated nature of the geology of the region exam­ 
ined, the wide area over which comparatively large underground work­ 
ings have been carried on, and the fact that a large portion of the actual 
rock surface in the immediate vicinity of Leadville is covered to an aver­ 
age depth of nearly 100 feet by glacial drift or re-arranged moraine ma­ 
terial, have rendered necessary the accumulation of an immense number 
of notes, which fill more or less completely twelve quarto and six smaller 
note-books. The general deductions which have been drawn from the 
facts therein contained could be compressed within a very small space, 
but the practical bearing of these deductions upon any particular spot 
might not be readily applied by the reader. Moreover, the truly scien­ 
tific method demands that whoever presents generalizations should 
give in full the grounds upon which he has made them, in order not 
only that the critic may be enabled to determine it' his reasoning is cor­ 
rect, but also that a later observer in the same field may see if he has 
correctly read his facts. A failure in either respect might modify or en­ 
tirely invalidate his conclusions.

In this report, therefore, it lias been judged advisable to err rather on 
the side of too great fullness than of too much conciseness, and its vol­ 
ume will probably necessitate its division into two parts, which will 
correspond approximately to the double title, Geology and Mining In­ 
dustry.
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The headings of the chapters asprovisorily determined are as follows:

PAET I.
I. INTRODUCTORY.

Leadville—Its topographical position—The history of its dis­ 
covery and rapid development.

II. GENERAL GEOLOGY.
A brief outline of the geological history of the Mosquito Eange, 

more particularly that portion represented on' the general map.

III. BOCK FORMATIONS. "
A somewhat detailed description of the characteristic features of

the various groups of rocks found in the region examined. 
a. Sedimentary formations, with liste'o'f fossils. 
b. Eruptive or igneous rocks, with their microscopical structure.

IV. DESCRIPTIVE G-EOLOGY OF THE MOSQUITO EANGE.
«. The geology and rock occurrences of the region included in the 

General map, described in topographical order.
b. A discussion of the general distribution of rock formations, form­ 

ing a re'sume' of the above.
c. Short sketch of mines and ore deposits outside of the Leadville 

map.

V. DESCRIPTIVE GEOLOGY OF LEADVILLE AND VICINITY.
a. The geology and rock occurrences of the region included in the 

map of Leadville and vicinity, described in topographical order, 
ft. Distribution of rock formations, being a re"sum6 of the above.

VI. GENERAL DISCUSSION OF GEOLOGICAL PHENOMENA.
a. Structural. 
b. Eruptive.

APPENDIX A.
Microscopical description of porphyrite and other rocks, by 0. W. 

Cross.
PAET II.

I. ORE DEPOSITS OF LEADVILLE. 
a. Mineralogical description.
b. Chemical composition of ores, vein materials, and inclosing rocks. 
c. Probable origin of ore deposits.

II. IRON HILL GROUP.
Description of the geology and ore deposits of Iron Hill, as shown 

by its underground workings.
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III. CARBONATE HILL GROUP.
Description of the geology and ore deposits of Carbonate Hill, as 

shown by its underground workings.
IV. FRYER HILL GROUP.

Description of the geology and ore deposits of Fryer Hill, as 
shown by its underground workings.

V. OTHER GROUPS.
a. Description of geology and ore deposits of other important

groups of mines. 
b. Probable extent of ore bodies in as yet unprospected grounds.

VI. KINDRED DEPOSITS.
Brief description of similar occurrences of ore in Europe and South

America. 
VII. ECONOMICAL.

Description of systems of working and of mining machinery em­ 
ployed at Leadville. 

APPENDIX B.
Metallurgical report, by A. Guyard. A detailed description of the 

smelting works of Leadville, and discussion of the processes em­ 
ployed, including full analyses of all ores, fluxes, and furnace 
products. 

APPENDIX C.
Analytical tables, by W. F. Hillebrand. Tables of analyses, par­ 

tial and complete, of ore, vein materials, and country rocks, 
wifli outlines of processes employed.

ILLUSTRATIONS.
The text of the report will be accompanied by the following illustra­ 

tions :
I. Three heliotype views of Leadville and vicinity.

II. Six heliotype illustrations of characteristic rock specimens and 
micro-sections.

III. Fourteen engraved book-plates illustrative of ore occurrences 
and geological structure.

IV. Twenty-three book-plates of smelting works and their appliances.
V. Bight wood-cuts, illustrative of special features of interest in the

mines.
In addition to the above the report will be accompanied by an atlas 

containing the following maps and sections:
ATLAS.

I. Topographical map of the Mosquito Eangc. Scale, £ mile to 1 
inch; contours 300 feet vertical interval; area, 16 by 20 miles.
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II. The same map, colored geologically.
III. Eleven colored geological sections illustrative of the above. 

Natural scale.
IV. Topographical map of Leadvillo and vicinity. Scale 800 feet to 

1 inch; contours 25 feet vertical interval; area, 4f by 5| miles.
V. The same, colored geologically.

VI. Sixteen colored geological sections illustrative of the above. 
Natural scale.

VII. Geological map of Iron Hill, southern part, showing the under­ 
ground workings and ore bodies. Scale, 160 feet to 1 inch ; con­ 
tours 10 feet vertical interval.

VIII. Eight colored geological sections illustrative of the same.
I.. Geological map of Iron Hill, northern part, showing underground 

workings. Same scale as above.
X. Three colored sections illustrative of same.

XI. Geological map of Carbonate Hill, with mine workings. Same 
scale.

XII. Eight colored sections to accompany the same.
XIII. Geological map of Fryer Hill, with mine workings. Same scale. 
XIV. Twelve colored sections to accompany the same.

The following gentlemen have taken part in the preparation of this 
report, either as regularly enrolled members of the corps or as tem- 
pory assistants, the names of the latter being marked by an asterisk (*) :

A. D. Wilson, chief topographer.
Ernest Jacob, geological assistant.
C. Whitman Cross, geological and microscropical assistant.
W. F. Hillebrand, chemist.
* A. Guyard, chemist and metallurgist.
* W. H. Leffingwell, topographer and draughtsman.
* Morris Bien, topographer and draughtsman.
* W. B. v. Eichthofen, draughtsman.
Valuable assistance in the preparation and compilation of the un­ 

derground working of the various mines has been rendered by the fol­ 
lowing civil engineers of Leadville: H. Huber & Co., G. H. Eobiuson 
& Co., F. G. Bulkley & Co., Jaycox, Goad & Corning, and others; and 
acknowledgments arc due to many gentlemen, mine superintendents 
and others, who have given valuable information and afforded us facili­ 
ties for carrying on the work, among whom may be particularly men­ 
tioned Messrs. A. Eilers, W. S. Ward, W. S. Keyes, Charles M. Eol- 
ker, George Daly, T. S. Wood, W. Arens, A. B. Wood, J. L. Loomis, H. 
A. Ford, O. H. Harker, J. G. Watson, M. E. Smith, W. H. James, J. B. 
Grant, M. W. lies, F. E. Canda, Th. F. Van Wagenen, J. E. Loker, F. 
Guiterman, C. C. Baldwin, J. T. Herrick, W. Huntington, D. S. Covert, 
C. W. Derry, J. T. Long, A. D. Footc, W. S. Duval.



CHAPTER I.
TOPOGRAPHICAL POSITIOK.

The present city of Leadville is situated in the county of Lake, State 
of Colorado, on the western flank of the Mosquito or Park Eauge, and 
on the eastern slopes of the valley of the Arkansas, near its head. Its 
exact position is in longitude 106° 17' west from Greenwich and 39° 
3 5'north latitude, and its mean elevation above sea-level 10,150 feet, 
taken at the court-house, in the center of the city.

In this latitude the Eocky Mountain chain is made up of three main 
and more or less parallel uplifts; the Colorado or Front Eange, the 
Mosquito or Park Eange, and the Sawatch Eange. The first rises 
immediately from the Great Plains, and to the traveler from the East, 
who has just passed over 500 weary miles of unincidented and practi­ 
cally level country, represents at first view the whole Eocky Mountain 
system. It is a broad, somewhat irregular chain, whose more prominent 
peaks rise to a height of over 14,000 feet above sea-level, and whose 
flanks are deeply scored by the tortuous ravines or canons cut by streams 
flowing out to join the Platte and Arkansas Eivers.

Beyond this ran/re lies the mountain valley known as the South Park, 
a broad, basin-like depression, sloping gently to the southward, having 
an elevation of 8,000 to 10,000 feet above sea-level.

The next mountain uplift, which forms the western border of the 
South Park, is the Mosquito Eange, a narrow and abrupt ridge hav­ 
ing a trend nearly north and south, and whose prominent peaks also 
rise above 14,000 feet, the average height of its crest being nearly 13,000 
feet above sea-level. It is characterized in general by long, easy slopes 
on the east toward the Park, and broken, abrupt slopes, which are nearly 
perpendicular walls near its crest, on the west toward the Arkansas 
Valley, while either flank is deeply scored by amphitheaters and deep 
gorges or canons of glacial origin.

The Arkansas Valley is a meridional depression, about CO miles in 
length by 16 m width, bordered by the sharp peaks of the Mosquito 
Eange on the east, and by the equally high but broader mountain 
mass of the Sawatch Eange on the west. This valley i'a not only re­ 
markable as presenting some of the grandest mountain scenery to be 
found in the Eocky Mountains, but also on account of the great mineral 
wealth found along its borders, and the scientific interest of its geologi­ 
cal structure. To the upper 20 miles alone will attention be especially
directed here.
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At about this distance from its head the foot-hills of the bordering 
ranges close together, confining the present bed of the stream within a 
narrow rocky canon, a few miles above the town of Granite. Above 
this canon the valley Avidens out in broad grassy meadow-lands, on 
each side of which flat table-like terraces rise for several miles, with a 
gentle, almost imperceptible slope to the foot of the more rugged inonnt- 
ain spurs. Such topography suggests at once to the thoughtful ob­ 
server that this portion of the valley was once a mountain lake, and, 
as will be seen later on, the present investigation proves this to have 
been the case.

On the upper edge of one of these gently sloping terraces, between 
Big Evans and California Gulches, and at the base of Carbonate Hill, 
the extremity of a Avestern spur of the Mosquito Eange, is situated the 
city of Leadville.

Discovery.—The history of the discovery and development of the min­ 
eral wealth of Leadville, which well illustrates the uncertainties and 
vicissitudes attendant upon a life of search for the precious metals in 
these wild regions, can be here but briefly touched upon. Among the 
hundreds of Aveary gold-seekers whom the so-called Pike's Peak rush 
brought to Colorado in the fall of 1859, only to find themselves the vic­ 
tims of exaggerated and chimerical stories, a few undaunted spirits 
pushed still further on into the recesses of the then unknown mountain 
regions. Gold was first discovered in the same year on Tarryall Creek, 
at the head of the South Park, and early in the spring of 1860 two 
parties of prospectors, pushing westward still, stumbled almost simul­ 
taneously upon rich diggings in California Gulch, near the present site 
of Leadville.

The news of the discovery spread with wonderful rapidity, consid­ 
ering the difficulties of travel and sparseness of population in those 
early days, and eager miners flocked rapidly in. Large amounts ot 
gold-dust were obtained from this gulch, and the town which was built 
along its banks, known as Oro City, is somewhat freely estimated to 
have had within a year 10,000 inhabitants. A similar generosity of 
estimate, so readily accorded to bygone times of which accurate in­ 
formation is not attainable, places the aggregate production of the 
gulch in gold-dust at ten millions, while more conservative and better- 
grounded opinions would give it a maximum of $3,000,000. At all 
events the richer placers were soon exhausted, and the population of 
the ephemeral city of Oro gradually decreased, the thousands having 
dwindled within three or four years to hundreds.

At that day miners had gained most of their experience in the gold- 
fields of California, and to them silver ores were comparatively un­ 
known and worthless. Some prospecting was done for the gold veins 
from the croppings of which the gold of the placer diggings was origin­ 
ally derived, and resulted in the discovery of several gold mines, such 
as the Printer Boy, Five-Twenty, and a few others, whose working
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gave a fitful gleam of renewed prosperity to the camp, but of whoso 
actual yield no accurate data are attainable. Few, if any, however, 
suspected the value of the so-called " heavy rock," fragments of iron- 
stained carbonate of lead, which obstructed their sluices, being too 
dense to be carried down by the force of water alone, and which had to 
be thrown out by hand. Although many now claim to have known of 
the existence of the rich argentiferous lead ores of Leadville in earlier 
days, its practical discovery is apparently due to Mr. A. B. Wood, an 
educated and experienced miner and metallurgist, who first came to 
this region in 1874, and at once recognized the mhieralogical character 
of the miners' worthless " heavy rock." In 1875 the titles acquired by 
the gulch-miners under local laws had lapsed by limitation, and Messrs. 
Wood and W. H. Stevens located, under United States laws, the claims 
which now belong to the Iron-Silver Mining Company, covering, with 
remarkable accuracy, when it is remembered that at that day little or 
nothing was known of the geological structure of the region, the crop- 
pings of the ore-bearing stratum over a distance of more than a mile. 
The first practical test of the value of the ore was made by Mr. A. B. 
Meyer, a graduate of the Freiberg Mining Academy, and agent for the 
Saint Louis Smelting and Refining Company, who shipped a small lot 
to Saint Louis in the fall of 1876.

Development.—Active prospecting over the whole region may be said 
to have commenced in the spring of 1877, and the development of rich 
and productive mines from that time on advanced with a rapidity that 
is truly marvelous. This can be more easily comprehended by a com­ 
parative statement of the economical conditions of Leadville in the 
spring of 1877, and at the same period in 1880, after a lapse of three 
years.

At the former time the nucleus of the present city, known as the town 
of Agassiz, consisted of a few log cabins, relics of the palmy days of 
gulch-mining, scattered along the edge of California Gulch, with an 
estimated population of less than 200 persous; its business houses con­ 
sisted of a ten-by-twelve grocery and two small saloons. Three of the 
now productive mines had been discovered, but were still scarcely more 
than mere surface scratehings. A single lead furnace was planned, but 
not as yet erected. Communication was had with the outside world by 
stage or wagon, either across the crests of ,two high ranges to Denver, 
or by an almost equally difficult road to Colorado Springs.

The latter date finds a broad, populous, admirably situated city oi 
15,000 inhabitants, with 28 miles of streets, in part lit by gas, and fur­ 
nished with hydrants and over five miles of water-pipes. It has thirteen 
schools, with an average attendance of 1,100 pupils;" five churches, and 
three public hospitals, supported by charitable contributions; an opera 
house and numerous smaller theaters; six banks, and block after block 
of business stores, many substantially constructed of brick or stone. 
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Its assessable property is estimated at $30,000,000, and $1,400,000 were 
expended during the year 1880 in new buildings and improvements.

To support this population are over thirty producing mines, with 
innumerable smaller mines and prospects, which are either producing 
small amounts of ore or give promise of so doing in a comparatively 
short time. Ten large smelting works are in active operation reduc­ 
ing the ore of these mines, and the value of the aggregate annual pro­ 
duction of the district in gold, silver, and lead amounts to $15,000,000.

Two lines of narrow-gauge railway connect it with the East, the one 
by way of Denver, across the Mosquito and Front Eanges, the other 
following down the valley of the Arkansas to Pueblo, and these find 
ample remuneration, even over the heavy grades which the mountain­ 
ous nature of the region traversed necessitates, in the business its mines 
afford.



CHAPTER II.
GENERAL GEOLOGY OF MOSQUITO RANGE.

To the proper comprehension of geological description, graphic illus­ 
tration in the form of maps, sections, and diagrams is absolutely es­ 
sential. As, however, it was impracticable within the limits of this 
abstract to present more than a small section of the general map of Mos­ 
quito Eange to cover the area in the immediate vicinity of Leadville, 
which will be illustrated in the final publication by a detailed map on 
a large scale, I shall confine my description to a bare ontline of the 
more prominent features of its geological history.

The area now occupied by the Mosquito Eange and the Upper Ar­ 
kansas Valley was once the littoral region of an Archsean continent 
or island, whose area is approximately expressed by the Archaean ex­ 
posures of the Sawatch Eange. The Eocky Mountain chain, or eastern 
member of the Cordilleran system, in this latitude consists of a series 
of Archaean islands or continents which have never been entirely sub­ 
merged. Some superficial geological observers have reasoned, from the 
fact that the later sedimentary beds are here generally fonnd resting 
on the flanks of Archaean masses, and dipping away from them often at 
high angles, that these strata oace arched entirely over the Archaean 
masses in anticlinal folds. Were this the case, however, wherever the 
edges of folded strata were exposed around the eroded crest of the 
anticlinal, beds of invariably the same geological horizon would be 
found resting directly on the Archaean, and their angle of dip should 
be sufficiently steep to carry the strata, in an ideal reconstruction of 
the original arch, entirely over the present mountain masses. In point 
of fact, however, along the flanks of the Archsean of the Colorado Eange 
Carboniferous, Triassic, and even Cretaceous beds are found at differ­ 
ent points directly abutting against the crystalline schists; and, with 
few exceptions, the angle of inclination of the sedimentary beds is far 
too low to carry them np to any considerable height, even on the pres­ 
ent surface of the mountains, which must have been considerably 
planed down by long periods of erosion and abrasion.

The sedimentary deposits of the Mosquito Eange were, as above 
stated, originally deposited, in the Paleozoic seas, along the shores of 
the Sawatch island, and have been lifted to their present position 
oy dynamic forces, which have resulted in a series of sharp folds and 
longitudinal faults, in which the upward movement has been almost 
invariably on the east of the fault line. There is every reason to sup­ 
pose that, like the Archsean masses of the Colorado Eange, the Sa-
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watch island was never entirely submerged. But the fact that in the 
limited region studied absolutely the same bed, with one single excep­ 
tion, is found resting upon the Archasan rocks, shows that the bottom 
of the ocean in which they were deposited had a comparatively smooth 
and regular surface, and that no steep cliffs existed along the imme­ 
diate shore line, as m the Colorado Eange, or that if they did exist with­ 
in this area, they, together with their bordering sediments, have been 
entirely removed by subsequent erosion.

The dynamic movements which resulted in the elevation of Mosquito 
Eange, and produced its present complicated structure, can be most 
readily explained on the generally received contraction theory, as the 
result of tangential pressure exerted upon the upper portion of the 
earth's crust in a direction approximately at right angles to the shore 
line, or radial to the center of the Sawatch island. The primal effect 
of such pressure exerted against a comparatively unyielding mass of 
crystalline rocks would be to compress the series of conformable sedi­ 
mentary beds into longitudinal folds, whose principal axis would be at 
right angles to the direction of pressure. In the region under consider­ 
ation the pressure would act from the east westward. The upper beds 
being relatively more plastic than those beneath, the pushing force 
would tend to produce anticlinal folds having a gentle slope to the 
eastward and a steep or approximately vertical inclination on the west. 
That sedimentary beds, even though formed of apparently rigid and un­ 
yielding material, may, under favorable conditions of pressure, be flexi­ 
ble and plastic, is abundantly proved by observation in nature. Such 
plasticity must, however, have a limit, and when such limit is reached 
the tension produced by pressure will result in a fracture of the beds 
and a vertical displacement, or faulting.

After the deposition of the sedimentary beds in the area under con­ 
sideration, there occurred, during Secondary times, an intrusion of ig­ 
neous or eruptive rocks, which spread themselves out in sheets between 
the strata, and became, as it were, an integral part of the sedimentary 
formation. It was after the eruption and consolidation of these masses 
of igneous rock that the dynamic movements in question occurred.

Sedimentary strata are comparatively thin sheets of homogeneous 
and coherent material, whose plasticity, other things being equal, would 
be proportionate to the average thinness of the beds. An augmentation 
of the aggregate number of stratification planes in a given thickness 
would increase the possible movement of each on the other along such 
planes, and, as in the familiar illustration of folding a number of sheets 
of paper, the sharpness and number of folds into which, under given 
conditions of pressure, they could be compressed without fracturing. 
The igneous rocks, however, which were spread out in irregular and 
comparatively thick masses, having no bedded structure, but fractur 
ing with equal ease in any direction, would render the whole series 
more rigid, and favor the production of faults rather than folds. Such
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is the case iuthis region, where the action of faulting and displacement 
is predominant over that of folding, and particularly prominent in thoso 
portions where there is the greatest concentration of eruptive rocks, as 
in the district immediately adjoining Leadville.

The general geological map of Mosquito Eaiige which will accom­ 
pany the memoir on Leadville, and fiom which the accompanying map 
has been cut out, includes about twenty miles of the range, extending 
from Weston's Pass on the south to Fr<§mout Pass on the north; with 
a width of sixteen miles, or from the Arkansas Valley to the South 
Park. lu this area the prevailing or major direction of strike of the 
sedimentary beds is N. 00° W. or E". W. magnetic, and the prevailing 
dip about K. 30° E. This is the direction of the axis of the main an- 
tielinals, while the principal faults have either the same course or are 
due north and south, with minor irregularities which may be consid­ 
ered a resultant of these two directions.

Mosquito fault.—The mam crest of the range within this region runs 
north and south, parallel to which, and immediately adjoining it on 
the west, is this principal fault, which may be considered to extend 
continuously from the northern to the southern limits of the map. 
On the eastern flanks the sedimentary beds slope back with compara­ 
tive regularity towards theSouth Paik.

London fault.—This easterly sloping area is broken by one main 
fault line, stretching diagonally across it in the major direction of strike, 
which crosses the main ridge just north of Mosquito Peak, and extends 
southeastward from there through London Hill and Sheep Mountain, 
in the direction of the little volcanic butte known as Black Hill, on the 
Little Platte. This main line of fracture corresponds very closely to 
the steep western edge of an anticlinal fold.

JTorth of the London fault the line of strike assumes a northerly di­ 
rection, and in the region around Mount Lincoln the sedimentary beds 
have been removed from the main crest of the range and the deep beds 
or canons of the larger streams, and are only left on the eastern flanks 
of the outlying masses of Mount Lincoln and the adjoining ridges, 
known as Loveland and Pennsylvania Hills. South of the fault they 
reach to the main crest of the range in a thin shell or cap over the 
underlying Archaean granites and schists, which constitute the steep 
western wall.

Weston fault.—The third main fault pa&ses through "Westou's Pass, 
in a direction parallel to the London fault, and nearly coincident with 
the steep western side of an anticlinal fold whose crest has been 
almost entirely removed by erosion; so that, except near the extreme 
southern end of the map, no westerly-dipping sedimentary beds are 
found. At the west of this fault line there still remains a portion 
of easterly-dipping beds, resting directly on the granite, extending from 
the ridge between the head of Empire and Union Gulches along the 
head of the latter to the ridge southwest of Weston's Pass, and beyond 
the limits of the map, to Buffalo Peaks. To the southwest of this line
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of outcrops, which extends in a northwesterly direction from the peak 
west of Wcstou's Pass, to Tennessee Park, no Paleozoic sedimentary 
beds are found. It may therefore be considered as approximately rep­ 
resenting the shore line of the original Archaean continent. At the 
point where the Wcstou fault crosses Empire Gulch it is joined by the 
main Mosquito fault, which extends from there in a direction a little 
cast of north to the foot of the steep grade leading up to Mosquito Pass, 
and then along the foot of the steep slope parallel to the crest of the 
raiige in a direction nearly due north, following beyond the limits of the 
map the general direction of Ten-Mile Creek.

Displacement.—In all these faults the upthrow has been to the east, 
and the movement of displacement reaches a maximum in the last men­ 
tioned, the Mosquito fault, of 5,000 feet near the northern edge of 
the map. That of the London fault has a maximum of about 2,500 feet 
near its northern end, as has the Weston fault, but gradually decreases 
towards the south, in both cases, until it becomes nothing, as either 
merges into an anticlinal fold.

The larger features of structure might be simply expressed by restored 
cross-sections of the range, in the northern and southern portions respect­ 
ively, giving an ideal position of the sedimentary beds after folding and 
displacement had taken place and before they had been subjected to ero­ 
sion. In the former case the section would show an arch and basin, or an 
anticlinal and synclinal fold, the former occupying the position of the 
crest of the range and the latter adjoining it on the west; through the 
adjoining sides of these folds would run the line of fault, along whoso 
plane the anticlinal or eastern member had been lifted up nearly 5,000 
feet. In the southern section a similar structure would be shown, only 
instead of one set of folds and faults there would be two; the main anticli­ 
nal, still occupying the crest of the range, the second, that of the Sheep 
Mountain ridge, being some miles to the east of it, and the movement 
of displacement, always upward east of the fault or in the crest of the 
anticlinal arch, being distributed between the two faults, with about 
the same aggregate movement of 5,000 feet. To obtain the conditions 
now to be observed one must conceive the planing action of erosion to 
have removed the crests of the anticlinal folds in either case, having 
cut more deeply into that which was lifted highest on the crest of the 
range.

In the central or intermediate region the structure is far too compli­ 
cated to be described without actual maps and sections, although the 
eastern slope of the range shows clearly the gradual convergence of the 
two series of arches and faults into oue.

The most intricate portion is that on the western flank of the range 
in the immediate vicinity of Leadville, which is shown on the accompa­ 
nying map, with the different rock formations designated by appropriate 
colors. Before proceeding to a description of this structure in detail 
it will be necessary, therefore, to describe briefly the different varieties 
of rock found and their manner of oecuneiicc.



CHAPTER III.
ROCK FORMATIONS.-COMPOSITION.

AECH^AN BOOKS.

All the sedimentary rocks found within this area belong, geologically, 
to the Archaean, Paleozoic, or Quaternary eras.

The Archaean rocks are, as well as the present limited data enable us 
to determine, the very oldest of the crystalline rocks, and may be con­ 
sidered as the Eocky Mountain equivalent of the Laurentian of East­ 
ern geologists. They consist here of granites, gneisses, and amphibo- 
lites, whose exposures are indicated on the accompanying map by a 
uniform brown- color.

Granites.—The granites are, in most cases, distinctly stratified and of 
undoubted sedimentary origin. In other cases the evidence is less clear 
and at times they even have characteristics of eruptive granites. In com 
position they belong to the normal type of granite, viz., those which con­ 
sist of quartz, two feldspars, biotite, and muscovite. They are gener­ 
ally very coarse-grained and contain large twin crystals of orthoclase 
porphyritically distributed. In color they are gray or red, the latter 
tint being more prominent in the coarse-grained varieties; but in some 
instances fine-grained, deep-red granites, not unlike the famous Aber­ 
deen granites, occur. There is sometimes a foliated structure ap­ 
proaching that of gneiss, especially where found immediately adjoin­ 
ing sedimentary rocks. Within the mass of normal granite occur large, 
irregular, vein-like white masses of secondary origin, corresponding to 
the German definition of pegmatite. They consist of large, inter-grown 
crystals of white orthoclase, microcline, and quartz, with irregular 
masses of muscovite.

Gneiss.—Among gneisses the mica-gneiss is the prevailing type ; 
hornblende-gneiss, which is so frequent in other ArchzEan masses to 
the north, being comparatively rare. Their composition is similar to 
that of granites. In structure, however, they present a great variety 
of forms, from the normal gneiss structure, with fine, even grain and 
constant composition in the different layers, to a coarse-grained porphy- 
ritical structure, containing large twin crystals of orthoclase and ap­ 
proaching that of the coarse-grained granites.

Amphibolites.—The amphibolites are of less frequent occurrence than 
either of the previously-mentioned rocks, and occur interstratified with 
them in layers of varying thickness, and sometimes in large lenticular
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bodies. Under this name are included hornblende rocks of lesa marked 
schistose structure than is common in normal gneisses or schists. They 
consists mainly of quartz, two feldspars, and hornblende, with not in­ 
frequent biotite.

PALEOZOIC FORMATIONS.

Among Paleozoic formations beds of the Cambrian, Silurian, and Car­ 
boniferous groups have been recognized, although, owing to the diffi­ 
culty of obtaining distinct fossils in such a highly metamorphosed re­ 
gion, the limits of the two first mentioned have not been definitely fixed. 
The question of the existence or absence of Devonian beds is one upon 
which too little evidence has been gathered for a definite decision. 
Such as it is, it is purely of a negative character, viz., that no un­ 
doubted Devonian forms have yet been found in the Eocky Mountains, 
and that in the area under survey a slight, though not unquestionable, 
evidence of non-conformity by erosion exists between the horizons of 
the Carboniferous and Silurian periods.

A comprehensive idea of the relative thickness and general charac­ 
ter of these beds will be given by the subjoined table of the average 
section obtained in Mosquito Eange, to which is added, for purposes of 
comparison, a typical section of corresponding beds in the Wahsatch 
Eange,* and a section of the same in the region of the Lower Colorado, 
made by Mr. 0. D. Walcott.t

Mosquito section, 4,050-5,600 feet, possible unconformity by erosion.

Carboniferous. . • 
3,700 ft 

to 
4,200 ft

Silurian .. . .. < 
200 ft <

200ft

TTppel Coal-measure 
limestones.

Weber gnta .-- ..

Weber shales .... 

Blue limestone ......

Parting qnartzite .- 
White limestone . . .

1,000 
to 

1,500

1 2, 500 j 

200

40 
160

150
to 
200

Bine and drab limestones and dolomites, with 
red sandstones and shales Mud shales at 
top 

Coarse white sandstones, passing into conglomer 
ates and siliceous and bigb.lv micaceous shales, 
with occasional beds of black argilhte and blue 
dolomitic limestone 

Calcareous and carbonaceous shales, with 
qnartzite. 

Compact, heavy-bedded, dark-blue doloimtio 
limestone Siliceous concretions at top, in form 
of black chert

White quartzite. 
Light-gray siliceous dolomitio limestone, with 

white chert concretions

gillaceous shales above.

* Geological Exploration of the 40th parallel.
tAmerican Journal of Science, September, 1880, page 233.
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Kanab (Colorado Kivcr) section, 5,000 feet, unconformities by erosion.

Permian . . ....•{ 
855 ft I 

I

Carboniferous . . • 
3,260 ft

Devonian .... 
100 ft. 

(
Cambrian . ... < 

785 ft.

Upper Permian .... 

Lower Permian .....

Lower Aubrey. . . . . 

Red Wall limestone ..

Devonian ..... ......

Tonto Group .. ... .

710

145 
835

1,455 

970

100 
2T5 
550+

Gypsiferous and arenaceous shales and marls, 
with impure shaly limestone at base.

Same as above, withmoie massive limestone.
Massive cheity limestone, with gypsiferous 

arenaceous bed, passing down into ealciferous 
sandrock 

Friable, reddish sandstone, passing down into 
more massive and compact sandstone below 
A few fillets of impure limestone intercalated 

Arenaceous and chcrty limestone 235 feet, with 
massive limestone beneath Cherty laj ers co­ 
incident with bedding near base

Sandstone and impnre limestone.
Massive mottled limestone, with 50 ieet sand 

stone at base 
Thin-bedded, mottled limestone in massive lay 

eis Green arenaceous and micaceous shales 
100 feet at the base

Walisateh section , 33,000 feet ; conformable

Permian ...
650ft

f

Carboniferous ..-•{ 
15,000 it I

f
Waverly

Devonian ..... <
2,400 ft. (

Silurian . . ......
1,000 ft

Cambnan . ....
12,000 ft

Permian .. ,. .. ...

Upper Coal-measnre
limestone

Weber quartzite .....
i

Wahsatch limestone . >

Ogden quartzite . .-

Ut« limestone .......

Cambiian ..... .....

650

2,000

6,000

7,000

1,000

1,000

12, 000

Clajs, marls, and limestones, shallow

Blue and drab limestones, passing into sand­
stones

Compact sandstone and quartzite, often red­ 
dish, mtciealations oi huie, argillites, and
conglomerate

Heavy-bedded blue and gray limestone, witb 
sihi/eous admixtnie, tsjiccially near the top

Pure quartzite, with conglomerate

Compact, 01 shaly siliceous limestone

Siliceous schists and quartzite

NOTE —Planes of unconformity by erosion denoted by double dividing hues

CAMBRIAN.

Lower guartzites.—The beds assigned provisorily to this horizon, which 
are indicated on the map by a bine purple color, are prevailingly quartz- 
ites 5 to them, therefore, the local name of Lower quartzites has been 
given. Their average thickness is about 150 feet, of which the lower 
100 feet are composed of evenly-bedded white saccharoidal quartzites, 
while the upper 50 feet are shaly in character and more or less cal­ 
careous, passing by almost imperceptible transition into the siliceous 
limestone above. At the base a thickness of a foot or more is con- 
glomeritic and stained with oxide of iron. Above this is a heavy 
white quartzite of remarkably uniform and persistent character, from 
40 to 300 feet in thickness, always very readily distinguished as a white 
line in the numerous sections afforded by the cafiou walls of the range.
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Primordial fossils belonging to the Potsdam epoch were found in the 
shaly beds above this quartzite. In its upper portion also occurs a 
remarkably persistent stratum, about a foot in thickness, of siliceous 
limestone, to which the local name Red Cast bed has been given, from 
the red concretions resembling casts of fossils which are constantly 
found in it. The siliceous dolomites near the dividing line between 
this and the overlying series contain local developments of serpentine, 
resulting from metamorphic action, which range in color from a dark, 
beautifully veined verd-antique green to a homogeneous mass of yellow 
tint resembling beeswax, not only in color but in texture.

SILUKIAN.

'White limestone.—The beds of this horizon, to which the above local 
name has been given from their prevailing light color as distinguished 
from the formation immediately succeeding, are designated on the 
map by a light reddish-purple tint. They consist in the main of light- 
drab dolomites, containing, besides the normal proportion of lime and 
magnesia, from 10 per cent, upwards of silica. They are thinly bedded, 
compact rather than crystalline, often with conchoidal fracture, and 
only rarely of absolutely white color. Their characteristic feature is 
the occurrence in certain beds of concretions of white, semi-transparent 
liornstone or chert. Their average thickness is about 150 to 100 feet.

Parting quartzite.—Above the White limestone occurs a remarkably 
persistent bed of rather variable thickness, to which the local name of 
Parting quartzite has been given, and which, in the absence of any 
direct geological evidence, has been included in the Silurian group. 
It has an average thickness of from 10 to 40 feet, and is not to be dis­ 
tinguished lithologically from the numerous white quartzites found at 
other horizons. It is, however, of geological importance as determin­ 
ing the dividing line between the Silurian and Carboniferous groups.

The fossil evidence obtained <is to the age of the above formation is 
rather meager, being confined to a few Niagara forms found near its 
base, and to forms of the Trenton and Calciferous epochs contained in 
float fragments which probably came from this horizon.

CARBONIFEROUS.

Slue limestone.—The beds included under this local name, which are 
designated on the map by a deep blue color, and which, from the fact 
that they form the ore-bearing rocks par excellence of the region, itis most 
important to be able to trace accurately, are fortunately marked by pei-
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sistent and characteristic features. They have an average thickness 
of 150 to 200 feet. Their composition, which is remarkably regular, is 
that of normal dolomite, containing a very small percentage of silica. 
In color they are of a deep grayish blue, often nearly black above, 
while some of the lower beds are lighter, approaching the drab, and, 
where locally bleached, difficult to distinguish lithologically from 
the underlying White limestone. The upper bed is well marked by 
characteristic concretions of black chert, frequently hollow in the cen­ 
ter, and often containing within their mass distinct casts of fossils. 
The typical rock is generally granular or coarsely crystalline, and has 
a characteristic ribbed structure produced by irregular lines and spots 
of white crystalline dolomite, resulting from the dissolving out and re- 
deposition of this material. The principal characteristics, therefore, 
•which distinguish the ore-bearing limestone from the underlying White 
limestone are, first, its color; second, its composition, the latter being 
invariably more siliceous; third, its texture, which is generally crystal­ 
line, while the latter is more frequently compact; fourth, the chert 
secretions, which in the former are always black and in the latter 
light colored or white; to which may be added the fact that the Blue 
limestone is generally more heavily bedded than the White. The fossils 
obtained, which were comparatively abundant in the upper beds, con­ 
tain, among prevailing Coal-measure forms, some which belong to the 
Lower or Sub-carboniferous of the Bast.

Weber grits.—The rocks included under this head form a series of 
relatively great thickness and of prevailing siliceous composition. They 
have been designated on the map by a lighter blue tint. At their base, 
immediately above the Blue limestone, occurs a series of shales and 
quartzites of very variable thickness and composition, which have not 
been designatedby a distinct color on the accompanying map. The thick­ 
ness may be roughly estimated at 150 feet. The quartzites are not to 
be distinguished from other quartzites of the region, while the shales 
are sometimes green, more frequently black, and highly carbonaceous 
argillites, which are generally impregnated with pyrites, and contain 
at times beds of impure anthracite coal. Locally there are develop­ 
ments of impure dolomite, which, as well as the shales, are often very 
rich in Coal-measure fossils.

The Weber grits proper, which have an average thickness of about 
2,500 feet, consist of coarse white sandstones, passing into conglom­ 
erates, containing pebbles of Archaean rocks, most frequently white or 
pinkish quartz. They have a varying admixture of finely-disseminated 
carbonaceous material, which at times gives them an almost black 
color. Besides the sandstone there are abundant schists, generally 
siliceous, and always rich in brilliant white mica. At irregular inter­ 
vals through the horizon are found beds of compact black argillite, 
sometimes calcareous, and about the middle of the series two persistent 
beds of blue-gray dolomite, from 10 to 50 feet in thickness.

Upper Coal-measure limestone.—Less favorable opportunities were of-
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fered for studying this group than either of the preceding, and its limits 
are therefore less definitely determined. It consists mainly of calcareous 
beds,- alternating with coarse reddish sandstones and quartzites, more 
or less micaceous, and sometimes passing into mica-schists. Its lower 
limit is drawn at the base of the first important limestone bed. above the 
siliceous series of the Weber grits. This limestone, locally called the 
Eobinson limestone, from the fact that it forms the ore-bearing horizon 
of an important mine of that name in the Ten-Mile district, is noticeable 
from the fact that it is the only true limestone observed among the 
calcareous beds of the region; the others are all practically dolomites 
of varying purity. As developed in this mine it is of a drab color and 
of peculiarly compact texture, resembling a lithographic stone. These 
textural characteristics are apparently not persistent, however, not 
having been recognized in other portions of the region. Several beds 
of blue-gray limestone, and one of a very fossiliferons black limestone, 
were observed on the western flanks of Mount Silverheels, and in the 
upper horizons of the Ten-Mile district were found mud shales, recall­ 
ing the Permo-Carboniferous beds of the Wahsatch. No fossils other 
than Coal-measure forms were found, however. The red sandstones of 
this group are distinguished from the overlying Triassic roeks by a 
deeper color, approaching a Venetian red, whereas in the latter it is 
rather a light brick-red.

QUATERNARY.

The Quaternary formations, which have been distinguished in the 
accompanying map by distinct colors, are the Lake Beds and the 
Eecent formations, including drift and moraines. The former were 
deposited in the bed of a fresh-water lake at the head of the Arkan­ 
sas during the intermediate flood period of the Glacial epoch. The 
material of which they are composed is therefore not essentially differ­ 
ent from that of the moraine material, but it is distinguished from it 
by its bedded structure. These beds consist at times of fragments, 
more or less rounded, of the various rocks which make up the range, 
frequently with calcareous cement, and at other times of a mixture of 
clays resulting from the decomposition of porphyry, and of decomposed 
granite, and still again of earthy marls. In the Eecent beds arc in­ 
cluded not only the later alluvial deposits, where these are accumu­ 
lated in sufficient depth to obscure the underlying rocks, but also mo­ 
raines and rearranged moraine material, for which the local name of 
" Wash " has been preserved. In the accompanying map the latter 
formation is shown only in the sections, having been eliminated from 
the surface map, since its color would have obscured too large a portion 
of the underlying rocks whose outcrops have been actually determined 
by the exploration of the miuicrous prospect shafts in the Leadvillo 
region.
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The Paleozoic rocks described above have an aggregate thickness of 
between 4,000 and 5,000 feet. In the seas in which they were depos­ 
ited, however, a continuous sedimentation went on through the suc­ 
cessive Triassic, Jurassic, and Cretaceous periods, it being at the 
close of the latter that the dynamic movements took place which re­ 
sulted in the folding and fracture which raised the Mosquito Range to 
its present position. The limited time at our disposal did not permit 
a study of these later formations, but from data available their thick­ 
ness may be estimated at not less than 7,000 feet. Probably the greater 
part, if not the whole, of these sediments were already accumulated at 
the bottom of the ocean before the intrusion of the Secondary eruptive 
rocks now found in the region, and which will be next described. An 
explanation of their exceptionally crystalline structure may therefore 
bo found in the fact that they solidified under the pressure of a thick­ 
ness of at least 10,000 feet of superincumbent beds.

BKUPTIVB OK IGNEOUS KOCKg.

The eruptive rocks of the district arc mostly of Mesozoic age, and 
belong to the general types of porphyries * and diorites, or those in

* In the absence of any universally accepted classification and definition of eruptive 
rocks of Secondary age, it seems important to state here the system adopted and the 
reasons therefor. To the use of the term poiphyry, as applied to a type of rocks of 
definite age and composition, the very valid objection may be brought that in its orig­ 
inal acceptation it simply defined a certain type of structure, viz , that of a fine-grained 
or amorphous groundmass containing larger crystals porphyntically imbedded. On the 
other baud, the custom of applying this term to orthoclastic porphyntio rocks of Sec­ 
ondary age has become so firmly established by long-continued usage that it would 
seem unwise to abandon the present use of the term until a satisfactory substitute 
wore found which would be received by all lithologists. The normal quartz-porpliyry is 
a, porphyritic compound of quartz, prevailing orthoclase, and some plagioclase feldspar, 
with mica or hornblende, in which the gronndmass contains more or less isotropic am­ 
orphous material. A granite-porphyry, on the other hand, is a porphyritic rook of 
similar composition in which the gronndmass contains only crystalline and no amor­ 
phous matt-rial. It IB distinqmsbed from granite, structurally, by the fact that it has 
a porphyritic rather than an evenly crystalline texture, but, like granite, it contains 
microscopically only fluid and no glassy inclusions. The locks described above are, how­ 
ever, essentially crystalline as viewed under the microscope, though certain specimens 
contain a limited amount of amorphous material, and glassy inclusions aie found in 
thorn, but less frequently than fluid inclusions. Strictly defined, therefore, they cannot 
bo considered at) granite-porphyries, though frequently indistinguishable from them in 
the hand-specimen. Rosenbusch has proposed (Rosenbuscli, Mass. Gesteiue, pp. 85-87) 
to separate all such rocks from tlie qnartz or felsite-porphyries, and call them mioro- 
granitcs. To call the rocks in question micio-granites, however, would be to add a 
new and somewhat ambiguous term to the already sufficiently confused lithological 
nomenclature, without gaining thereby in clearness of definition, since although they 
approach grauite in microscopical structure, they are widely divergent from it in geolog­ 
ical habitus. It has been judged best, therefore, to preserve the term qnnrtz-porphyry, 
which is sanctioned by local usage, and of which they form the extreme crystalline type.
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which monoclinic or triclinic feldspars are relatively predominant. Of 
Tertiary eruptive rocks, which are closely allied to the products of 
modern volcanoes, the only representatives are andesites, which occur 
at Buffalo Peaks beyond the limits of the general map, and rhyolite of 
the crystalline variety classed by Eichthofen as N~evadite, which occurs 
in two localities only, at the northern and southern limits of the map 
respectively. Of these rocks only the porphyries are found in the re­ 
gion represented on the small accompanying map.

Although of infinitely varied appearance in the field, their structure 
and ultimate composition as revealed by analysis, both chemical and 
microscopical, admit of two main divisions, and to these two divisions 
only have distinctive colors been given on the general map.

WHITE OK LEADVILLE PORPHYRY.

Under the lighter red color of the map has been designated this sin­ 
gle type only, partly because of its intimate connection with the ore de­ 
posits of the region, and partly because it constitutes the most distinct 
and well-characterized variety of the porphyries. It is a white, homo­ 
geneous-looking rock, composed of quartz and feldspar, of even, granu­ 
lar texture, in which the porphyritical ingredients, which are acciden­ 
tal rather than essential, are small rectangular crystals of white feld­ 
spar, occasional double pyramids of quartz, and fresh, hexagonal plates 
of biotite, or black mica. More frequent than either of the above are 
aggregations of fine leaflets of muscovite, or white mica, which are a 
secondary product resulting from the decomposition of feldspar. The 
rock is always in a more or less advanced state of decomposition, 
which is first shown by the opaqueness of its feldspars and the devel­ 
opment of spots of muscovite, and in its extreme stage in the neigh­ 
borhood of the ore deposits results in a general softening of the mass, 
due to the kaohnization of the feldspar. Among the miners of Lead- 
ville it is known also as " Block Porphyry," on account of its tendency 
to split up into angular blocks; and also as " Forest Eock," from 
the deposition of dendritic oxide of manganese on the surfaces of 
such fragments. Its composition is that of normal quartz porphyry, 
containing about 70 per cent, of silica.

OTHER PORPHYRIES.

Under the deeper red has been included all the other forms of por­ 
phyry found, which, though presenting a number of varieties in the 
field, have essentially the same general composition, both mineralog-
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ical and chemical. They consist generally of quartz, two feldspars, 
and biotite: hornblende occurring as an essential ingredient in only 
one variety. The crystalline ingredients are easily distinguishable by 
the eye, and there is, therefore, no danger of confounding them in the 
field with White porphyry. This crystalline structure, on the other 
hand, is often so far developed that they are not readily distinguish­ 
able by the untechnical eye from granites; as such, indeed, they are 
generally classed by the miner. A careful examination, however, 
readily reveals their structural difference, which is that in them the 
larger crystals are enclosed in a finer-grained groundmass, whereas 
between the crystals of granite there is no such intervening and ap­ 
parently structureless material.

Lincoln porphyry.—The principal subdivision of this group has been 
called the Lincoln porphyry, from the fact that it is typically developed 
in the mountain mass around Mount Lincoln. It consists of quartz, 
orthoclase and plagioclase feldspars, and biotite. Its most striking 
peculiarity is the frequent occurrence of large crystals of rather glassy- 
looking orthoclase feldspar about an inch in length. The quartz, which 
occurs in double pyramids, appears to have a rounded outline, and fre­ 
quently a delicate rose tint. The mica is found in hexagonal plates, 
generally decomposed and of greenish color.

Although the type-rock does not occur in the immediate vicinity of 
Leadville, a variety known as Gray porphyry, which does not differ in 
its essential constituents, and occupies generally the same stratigraphi- 
cal position, is a prominent feature in the geology of that region. It has 
a prevailing dark greenish-gray color, due to the alteration of the con­ 
stituents of its gronndmass; but when found in the mines, where it is 
more thoroughly decomposed, it is quite white, and only to be distin­ 
guished from the White porphyry by the traces left of outlines of for­ 
mer crystalline ingredients. The large feldspars are often finely de­ 
veloped, but the gronndmass is relatively more prominent than in the 
Lincoln porphyry proper. The specimens analyzed yielded 66 per 
cent, of silica for the Lincoln porphyry and 68 for the Gray.

Sacramento porphyry.—The second important variety of quartz por­ 
phyry receives its name from the locality of its typical occurrence, 
which is at the head of the Sacramento Gulches. At first glance it does 
not differ from the Lincoln porphyry, except in the absence of the large 
feldspar crystals. It contains the same large rosy quartz-grains, two 
feldspars, and biotite, bnt is distinguished from it by carrying hornblende 
also. It is in general comparatively fresh, and perhaps more likely to be 
confounded with granite than even the Lincoln porphyry. This rock 
does not occur on the surface within the Leadville region, although the 
variety next to be described, which occnpies a nearly equivalent strati- 
graphical position there, may be allied to it.

Pyritiferous porphyry.—This rock, which forms an extremely impor­ 
tant mass in the Leadville region, is found in such a universally decom-
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posed condition that its original coiistituents cannot be definitely 
determined. It is generally of a white color, with grayish-green or 
pinkish tints, comparatively fine-grained, and with no traces of large 
crystals. In it can be distinguished small grains of white feldspar, 
quartz, biotite which is generally altered to a chloritic substance, 
and pyrite. The latter ingredient, from which it derives its name, 
is found abundantly scattered through the rock in crystals, often so 
fine as to be indistinguishable by the naked eye. They occur at times 
within the crystals of quartz and biotite, and are hence supposed to be 
an original constituent of the rock. They are frequently concentrated 
along cleavage planes, sometimes associated with finely disseminated 
crystals of galena. Pyritiferous porphyry is readily distinguished from 
the White porphyry by its crystalline constituents. It differs from the 
Sacramento and Gray porphyries by a relatively small amount of pla- 
gioclase feldspar, and from the former by the absence of hornblende. 
Its most strikingly distinctive feature is the amount of pyrites which it 
contains, which is estimated to constitute, on the average, 4 per cent, 
of its mass.

Besides the above-mentioned varieties are the Silverheels, the Mos­ 
quito, and the Green porphyries, only the former of which is found in 
any considerable mass, and that mostly beyond the limits of the map. 
The others are generally fine-grained, of a greenish tinge, and present 
no important typical features, having approximately the same ultimate 
composition as those already mentioned.

DIOEITIO EOCKS.

Diorite.—Of the rocks in which plagioclase feldspar is the character­ 
istic ingredient the crystalline type or diovite, which is the structural 
equivalent of granite, is of comparatively rare occurrence.

Porphyrite.—Its porphyritic variety, known as porphyrite, is, how­ 
ever, extremely well developed in the region, so that a,n excellent oppor­ 
tunity was afforded for its study. Inasmuch as these rocks are rela­ 
tively little known to lithological science, and the collections made 
present a complete series of all different varieties, both of struct­ 
ure and composition, a special microscopical study has been made of 
them by Mr. Cross, which will be presented in an appendix to the final 
publication. As this is essentially technical in its nature, and the rocks 
themselves do not occur in the Leadville region, nor have any economic 
bearing, no further mention of them need be made here.



CHAPTER IV.
BOCK FORMATIONS—DISTRIBUTION.

SEDIMENTARY.

The superficial distribution of the various sedimentary formations, 
or the relative area covered by their outcrops, being a function of, or 
dependent upon, erosion, are intimately connected with the existing 
topographical structure of the region. Were erosion the only factor 
to be considered, the Archaean rocks would be found exposed continu­ 
ously on the west side of a line approximately representing the old 
shore line, and in the deeper drainage valleys and anticlinal axes of the 
eastern side. The displacements of the numerous faults which run 
through the region have, however, considerably modified this normal 
distribution. In point of fact the central portion iu the latitude of 
Leadville is mainly covered by the outcrops of Paleozoic sedimentary 
beds and intruded masses of porphyry; the Archaean exposures being 
confined to deep glacial amphitheatres near the crest of the range, and 
to minor masses which represent the eroded crests of anticlinal folds. 
In the northern portion of the area, Archaean rocks are exposed along 
the main crest of the range, and hi the deep canon valleys and glacial 
amphitheatres of the streams which flow into the Platte; the Paleo­ 
zoic beds being found only on the easterly sloping flanks of the in­ 
cluded spurs. On the western side of the range, owing to the dis­ 
placement of the great Mosquito Fault, the area adjoining the valley 
of the East Fork of the Arkansas is covered by beds of the Weber 
grits formation, while a bordering fringe of outcrops of Lower 
quartzite, and White and Blue limestone beds is found on the northern 
and eastern run of Tennessee Park. In the southern half of the map, the" 
western limit of the Paleozoic beds is a line running southeasterly from 
the forks of the Arkansas to the crest of the range at Weston's Pass, 
and southward beyond the limits of the map along the crest approx­ 
imately in a north and south line. West of this line are found only the 
granites and schists of the Archsean, and irregular dikes and intruded 
masses of porphyry. In the area included between this line and the 
crest of the range are triangular zones of easterly-dipping sedimentary 
beds, in some cases forming a continuous series from the Cambrian to 
the Upper Coal-measures, cut off abruptly by fault lines, and succeeded 
again on the east by Archsean exposures.

On the west of the crest the Paleozoic beds slope regularly back be­ 
neath the floor of the South Park, the Archaean rocks being found only 
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in the deeper hollows at the heads of the streams. Beyond the limits 
of the map the outcrops of the more resisting beds of Mesozoic age form 
parallel ridges running across South Park from north to south.

ERUPTIVE.

Distribution.—The most striking fact connected with the distribution 
of the Secondary eruptive rocks is that an east and west line drawn 
through Leadville represents very closely the limit of the two main 
varieties of porphryry recognized above. South of a line drawn 
through Empire and Horseshoe Gulches the White porphyry is abso­ 
lutely the only one which has been found within the limits of our ex­ 
ploration, while it is practically wanting north of a line drawn through 
Evans and Mosquito Gulches, the only exceptions being dikes of com­ 
paratively insignificant size, and not absolutely identical in structure.

Mode of occurrence.—In their mode of occurrence the type feature is 
that of intrusive masses, which are developed on a scale of unprece­ 
dented magnitude, and follow certain horizons with remarkable regu­ 
larity. These iuterbedded sheets are found to have a maximum thick­ 
ness at certain points, or along certain lines, and to become thinner in 
proportion to their distance from such central point, which is probably 
near a vent or channel through which they were erupted. This form 
resembles the structure of the intrusive masses of the Henry Mount­ 
ains, which have received from Mr. G. K. Gilbert the name of Lacco- 
lites. M"or is the resemblance confined to external structure, but ex­ 
tends also to internal texture and mineralogical composition. It is 
probable that this mode of occurrence of eruptive rocks, viz., as intru­ 
sive masses, which originally did not reach the surface, but were forced 
up to a certain horizon and then spread out between the beds, is far 
more common than has hitherto been suspected by geologists. It is 
difficult to conceive of the conditions under which a fused mass could 
pry open strata to a width of 1,000 feet or more, overcoming the weight 
of 10,000 feet of superincumbent rocks, and spread itself out in a con­ 
tinuous sheet between the beds to a distance of 10 miles from the point 
or line of eruption. That they did exist, however, can be clearly dem­ 
onstrated in this region, thanks to the intense action of folding and 
faulting, and the enormous amount of erosion which has taken place 
since such eruption, and afforded exceptional opportunities for a study 
of their form and extent.

Instrmive masses.—The main sheet of White porphyry which lies 
npon the surface of the Blue limestone had its principal vent at the 
head of Four-Mile Creek, where it can be seen breaking through the 
underlying beds, and forming the main mass of a hill 2,000 feet high. 
The gradually thinning outcrops of this sheet can be traced southward
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continuously along the east slopes of the range nearly to Buffalo Peaks, 
and back again on the west side from Weston's Pass to Empire Gulch. 
The continuity of the outcrop on an east and west line is broken by 
faulting and erosion, but wherever the Blue limestone is found this sheet 
occurs, with some unimportant exceptions, directly above it, following 
all its undulations. Of less uniform extent are sheets of White por­ 
phyry at lower horizons, generally between the Blue and White lime­ 
stone, whose principal development is in the vicinity of Leadville. 
One important mass can also be seen on the south wall of Horseshoe 
Creek, breaking up across Weber grits beds, and then spreading out 
between the strata.

Intrusive masses of the other porphyries are found developed on an 
even greater scale than those of the White porphyry. Although no single 
sheet has been traced over so great an area as in the case of the former, 
they have a much greater vertical distribution, extending up to the 
Jurassic and possibly even into Cretaceous beds. In one single section 
over fifteen sheets, many several hundred feet thick, were counted be­ 
tween the Blue limestone and the top of the Carboniferous. The great 
aggregate thickness of beds thus added to the conformable Paleozoic 
sediments must have given them, in their original position an arched 
form, which is now seen in a very marked change in the strike of out­ 
crops, where there has been the greatest accumulation of intrusive 
masses, as on the line of Mount Silverheels on the east, and of Sheep 
and Jack Mountains in Ten-Mile District on the west of the range. In 
many cases quite thin sheets show most remarkable uniformity of thick­ 
ness and position over comparatively large areas; for instance, along the 
walls of Mosquito Canon a twenty-foot bed of porphyrite, occurring be­ 
tween the Blue and White limestones, can be traced continuously several 
miles. While these intrusive sheets follow by preference one definite 
plane, they not infrequently change their horizon, crossing an inter­ 
vening bed; in one case also a second sheet is seen to have forced itself 
horizontally through the mass of an already interbedded sheet.

Dilces.—While by far the greater mass of igneous rocks occurs in 
the form of intrusive beds, the dike form is by no means uncommon, 
although the normal dike with regular parallel walls, generally figured 
in text-books, is seldom seen ; on the other hand, large masses, of no 
regular form and apparently quite independent of stratification lines, 

-which are intermediate between the normal dike and the intrusive 
sheet, are quite common. Dikes are generally found in the crystalline 
or Arehtean rocks, and may be best observed in the glacial amphithe­ 
aters. They are generally narrow sheets from 20 to 50 feet in thickness, 
and of no great longitudinal extent. A not uncommon form is the " in­ 
terrupted dike," a succession of outcrops of porphyry or porphyrite on 
the same general line, separated by short intervals of the enclosing 
rock mass. These may be projecting points of one main sheet, or in­ 
dependent chimneys, the former seeming more probable from their
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close proximity and identical composition. Dikes within dikes arc 
found as well as intrusive sheets within intrusive sheets. Dikes are 
also found extending up through the crystalline rocks into the over­ 
lying Paleozoic beds; wherever observed on canon walls they were 
found to end abruptly at a definite, although not always the same, hori­ 
zon. Opportunities for actually tracing the dike as the feeding-chan­ 
nel of an intrusive sheet were comparatively rare.

Relative age.—The evidence as to the relative age of the different vari­ 
eties of porphyry, though generally satisfactory, offers some apparent 
contradictions; these may, however, be explained on the supposition that 
the eruption of any one variety was not strictly confined to a single defi­ 
nitely marked period, but was intermittent. In other words, after a 
main eruptive mass had consolidated and been succeeded by eruptions 
of other rocks or from different magmas, a renewed activity took place in 
the magma of the first rock, which resulted in later intrusions of less 
magnitude. Thus the White porphyry is definitely the oldest of the 
Secondary rocks. The great mass of the Sacramento porphyry, whose 
main vent apparently adjoined that of the former, between the head of 
Little,Sacramento and Big Evans Gulches, contains caught-up portions 
of the White porphyry and of the Weber grits. The main sheet of Gray 
porphyry in the Leadville region occurs above, sometimes replacing, the 
White porphyry, while other intrusive masses of this rock are found 
cutting across both White porphyry and the sedimentary strata which 
enclose it. It is also significant that the White porphyry is the most 
thoroughly crystalline of all the Secondary eruptive rocks, and gener­ 
ally occupies a lower geological horizon. On the, other hand, dikes of 
White porphyry have been found cutting across interbedded masses of 
Lincoln porphyry, which seems to be the equivalent in age and position 
of the Gray.

Contact phenomena.—There is a notable absence in the region of 
strongly marked contact phenomena in the sedimentary beds, that is, 
changes which have resulted from the contact of a fused mass, such as 
a baking or vitrification. The changes which are found in them near 
intrusive masses are evidently rather the result of the action of perco­ 
lating waters.

Within the eruptive rocks themselves the usual phenomena observed 
near the outer surface of cooling masses are found here along their 
contact with the enclosing rock, viz., a finer grain and different rela­ 
tive distribution of mineral constituents as contrasted with the average 
character of the rock, and a tendency to the development of laminated 
structure at the actual contact. Angular fragments of the enclosing 
rock are, moreover, so abundant at times along the contact as to form 
a regular breccia.

Glacial phenomena.—Of the forces of erosion and abrasion which have 
removed an aggregate thickness of about 10,000 feet of sedimentary 
beds, together with an unknown amount of eruptive rocks, from a
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great portion of the area examined, only the later phases, viz., those 
which have acted during and since the Glacial period, come directly 
under observation.

As already stated, the present investigations afford evidence of the 
existence during the Glacial period of two epochs of maximum cold, sep­ 
arated by one of higher temperature. In its general bearing this fact 
presents no novelty, but is merely confirmatory of observations al­ 
ready made by American, as well as European geologists, who have ar­ 
rived at the same conclusion by reasoning from different classes of phe­ 
nomena, astronomical as well as terrestrial. The warmer intervening 
period here was, owing to the melting of enormous ice masses and great 
precipitation, one of great floods, which caused a rapid degradation, as 
well as the removal of existing detritus, and where, as at the head of 
the Arkansas Valley, conditions were favorable to the formation of a 
lake, by the damming up of the waters, the coarse detrital material was 
deposited in regular beds, of relatively great thickness at its bottom.

Actual outcrops of these Lake beds, as they are designated in this 
memoir, are only seen, within the area of the general map, along the 
lower valleys of Empire, Union, and Weston Creeks; the outlines 
shown on the accompanying map of Leadville are determined by shafts 
which have penetrated to them through the overlying Wash, or surface 
drift. While, therefore, the actual outlines, as here given, might be mod­ 
ified by more complete data, the information obtained is quite sufficient 
to establish the following important facts:

I. That the present moraines have been deposited over the Lake beds; con­ 
sequently that the glaciers by which they were formed existed after 
the deposition of the latter and the draining of the lake in which they 
were deposited.

II. That since the latter epoch there has been an elevation of the mount­ 
ain mass, relatively to the adjoining valley, amounting in one place to over 
1,000 feet. This is proved by the existence of Lake beds at an elevation, 
on the spurs adjoining Iowa Gulch, of 11,000 feet; by the angle at which 
they now stand on the ridges adjoining the Arkansas Valley, and by 
the fact that where they are nearly horizontal, in the center of the basin, 
they have an average level of less than 10,000 feet.

Valleys.—In studying the configuration of the present surface the 
valleys may be separated into three classes as regards their age and 
manner of formation:

I. Glacial valleys.
II. Valleys of erosion
III. Surface valleys.
The first, which owe their main outline to the carving of glaciers, have 

in cross-section a characteristic U outline, head in a glacial amphithea­ 
ter, and have a comparatively straight course. This original form is al­ 
ways more or less modified by the same action which has formed the 
other two kinds of valleys. To this class belong all the large canons or
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valleys on the east side of the range, and the East Fork of Arkansas, 
Evans, Iowa, and Empire Gulches on the west.

The second class, formed exclusively by the action of running water, 
which has cut through surface accumulations into the hard rock mass, 
have a V shape; that is, the sides are proportionately less steep, and 
the bottom narrower than the former, while their course is generally 
tortuous, being affected by the unequal resistance offered by different 
positions or textures of rocks. They also want the amphitheater-shaped 
head.

The third class are also ^alleys of erosion, but cut out of surface ac­ 
cumulations, such as drift or Lake beds, which have not yet become solid 
rock. They are in consequence relatively wide and shallow, and have 
a straighter course than the second class. The most striking difference 
between these and ordinary valleys of erosion is seen on a geological 
map, where the outline of outcrops crossing the latter would have a re-en­ 
tering angle in the direction of the dip, whereas the former would cause 
no divergence in the course of such outlines. This class would be any­ 
where of more recent origin than the other two, and in this region the 
second class is younger than the first. As instances of surface valleys 
may be mentioned, Little Evans, Georgia, and Thompson's Gulches. 
The former drains the amphitheater on the south face of Prospect Mount­ 
ain, being separated from Big Evans Valley only by a moraine ridge 
formed by the glacier of the second epoch. It is thus proved that the 
amphitheaters were carved out by the earlier set of glaciers, since that 
from the Prospect Mountain amphitheater was originally a branch of 
the main glacier from the Evans amphitheater, and it was the moraine 
of the second Evans glacier which, being placed across the mouth of 
the Prospect Mountain amphitheater, necessitated its seeking a new 
outlet for its waters. That at one time ice must have filled the amphi­ 
theaters to their brim, and been in places over 2,000 feet thick, is proved 
by their configuration and the position of erratic blocks.

In the region shown on the accompanying maps, the two main gla­ 
ciers of the second period were the Evans and the Iowa. The lat­ 
ter had three heads, but its lower portion, as shown by the lateral 
moraines which remain on the sides of the present gulch, was straight 
and narrow. The later Evans glacier, however, spread out as it de­ 
scended, having left a prominent moraine ridge along the north hank 
of the present stream at the foot of Prospect Mountain, while on the 
south side a somewhat disconnected moraine ridge follows approx­ 
imately the course of Stray Horse Gulch, the moraine material remain­ 
ing being 250 feet or more thick in the Eothschild and Denver City 
shafts. The steep north face of Breece Hill below the present grade 
formed its southern wall, and below this it probably covered more or 
less completely all the region north of Stray Horse Gulch, so that to its 
action is probably due the exposure of the valuable ore deposits of 
Fryer Hill, and also the removal of a great portion of them.



CHAPTER V.
* ^

" ORE DEPOSITS.

A brief outline having thus been given of the geological structure of 
the region, it will be next in order to show the general characteristics 
of its ore deposits, and give a brief re~sum6 of the conclusions which have 
been arrived at with regard to their origin and mode of formation.

Classification.—To a scientific description of natural objects, the 
most valuable aid is a rational and universally accepted system of clas­ 
sification. The first obstacle one encounters in attempting a descrip­ 
tion of mineral deposits is the absence of such a classification. A ra­ 
tional system should take account, not only of the present outward 
form of the deposit, but also of its origin and manner of formation. 
Mining geology in the United States has hitherto found its principal 
discussion in the courts of law; and the authority there generally ac­ 
cepted is the classical though now somewhat antiquated work of B. von 
Cotta. This book, which is a most excellent compilation of what was 
known about the ore deposits of the world twenty-five or thirty years 
since, though containing many previously unrecorded observations, 
presents no claims as a work of original scientific investigation; and 
the classification adopted by Von Cotta takes account only of the ex­ 
ternal form of the deposits. It divides them into four classes of veins 
or lodes:

1. Ordinary. (Gewohnlicke-gange.)
2. Bedded. (Lager-giinge.)
3. Contact. (Contact-gange.)
4. Lenticular. (Lenticular gange.)
The terms most current among mining men, which are probably de­ 

rived in great measure from the above, seem to be:
True fissure veins.
Contact veins or deposits.
Blanket veins or deposits.
Pipe or rake veins.
The first are popularly supposed to be the most valuable, since 

they occupy, in general, a nearly vertical position, and may extend in­ 
definitely in depth. The term blanket deposit, on the other hand, which 
is probably derived from the mnntas of the Spanish miners, seems to 
be generally applied in rather a derogatory sense to any horizontal 
sheet of ore.

The last, whose proper definition has given rise to some discussion,
231



232 GEOLOGY AND MINING INDUSTRY OF LEADVILLE.

is derived from local usage in a small district in the north of England, 
where valuable lead deposits are found in the Carboniferous or mount­ 
ain limestone. According to Mr. Westgarth Foster this local usage 
classes as Rake veins fissures analogous to the faults in the Coal-meas­ 
ures, but which contain lead ore. When these are wide above and 
gradually contract below they become Gash veins. Pipe veins, on the 
other hand, are irregular deposits in the limestone, in shape like the 
caverns so often found there. When these occupy a nearly horizontal 
position between the strata they become Flats, wflat veins.

Since Von Cotta's time the most important general treatises on min­ 
eral deposits are those of Joh. Grimm, of Pribram, and of Dr. A. von 
Groddeck, of Clausthal, which include not only the ores of metals, but 
all minerals useful in the arts, such as coal and salt. Grimm's classifi­ 
cation is very thorough, and takes account of the origin of the deposits, 
but is too complicated for general application. Von Groddeck divides 
all mineral deposits into four general classes:

1st. Bedded deposits (geschiehteten Lagerstatten), including those which 
have been deposited at the bottoms of seas or oceans, whether mechan­ 
ically, or as chemical precipitates—coal, gypsum, salt, etc.

2nd. Massive deposits (massigen Lagerstatten), a rather ill-defined di­ 
vision, including large masses of metallic minerals impregnating a par­ 
ticular rock.

3rd. Deposits filling pre-existing cavities (HoMraums-fiillungen), 
which include all veins or deposits, whatever their shape, whose vein- 
material is essentially different from the enclosing rock.

4th. Metamorphic deposits (metamorphische Lagerstatteri), including 
those which result from a more or less complete metamorphism of the 
rock itself by metallic combinations.

In the last edition of Johnson's Encyclopaedia Prof. E. Pumpelly, 
in his article on' ore deposits, proposes the following six divisions, in 
which the first two are based on the texture or mineralogical composi­ 
tion of the enclosing rock, and the three following considered as duo 
chiefly to pre-existing open cavities or fissures:

I. Disseminated concentrations.
1. Impregnations. Fallbands.

II. Aggregated concentrations.
1. Lenticular aggregations.
2. Irregular masses.
3. Eetieulated veins.
4. Contact deposits. ' 

III. Gave deposits. 
TV. Gash veins.
V. Fissure veins.

VI. Surface deposits.
1. Eesiduary deposits.
2. Stream deposits.
3. Lake and bog deposits.
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Under gash veins Pumpelly would include those fissures which are 
limited to a certain bed or roek mass, while his fissure veins extend 
across different rock masses, without any'definite limit.

A discussion of the above systems of classification, which have been 
quoted simply as aids in the subjoined description, would exceed the 
limits of the present abstract. That the difference of origin and man­ 
ner of formation should be a more important factor in the classification 
of ore deposits than has been the case hitherto is generally admitted, 
but, owing to the fact that the definite determination of such origin 
requires more laborious and expensive investigations, especially from 
a chemical point of view, than geologists are in general able or willing 
to make, trustworthy data are as yet too meager to form a basis for a 
general classification from this standpoint. The utmost that can be 
claimed by this memoir is to contribute to the general store of knowl­ 
edge reliable facts in regard to an important group of ore deposits, 
and to point out the bearing of those facts upon the generally received 
theories of ore deposition, and the modifications which they may suggest 
in present classifications.

The earlier geologists devoted much speculation to the subject of the 
origin of mecallie minerals in ore deposits, and arrayed themselves 
on the side respectively of the Neptunists or Plutonists, according as 
they believed chem to have been brought to their present position 
by descending or ascending currents, whether gaseous or liquid. As 
pure theory has been gradually modified by the results of actual in­ 
vestigation, the upholders of the two opposing schools have come to 
concede, in this, as in other questions of general bearing in geology, an 
element of truth even in the views of their opponents. Only extremists 
maintain that any series of geological phenomena admit of but one ex­ 
planation, or are due to one universal immediate cause. It is generally 
agreed that subterranean waters, however deep-seated their apparent 
source, came originally from the surface. It is moreover proved that 
no rocks are absolutely impermeable to water, but as on the earth's 
surface, so within its solid crust, there is a constant circulation either 
through capillary pores, where it is not readibly visible, or through the 
larger and more apparent channels formed by joints, cleavage planes, 
faults, dikes, and stratification lines, the direction taken by such wa­ 
ters varying with different local conditions. In the case, therefore, of 
ore deposits which are derived from aqueous solutions circulating within 
the earth's crust, a class which is constantly augmented by scientific 
investigation, the question as to the immediate source of the metals in 
the solutions from which they were deposited, whether above or below 
the present position, is one which must be determined independently in 
each individual ease, and to which no general answer can probably 
ever be given.



234 GEOLOGY AND MINING INDUSTRY OF LEADVILLE.

LBADVILLB DEPOSITS.

The present investigation has proved of the ore deposits of Leadville 
and vicinity as regards their origin—

I. That they have been derived from aqueous solutions.
II. That these solutions came from above.

III. That they derived their metallic contents from the neighboring erup­ 
tive rooks.

IV. That in their original form they were deposited not later than the 
Cretaceous epoch. 

And as regards their mode of formation—
I. That the metals were deposited from their solutions mainly as sul­ 

phides.
II. That theprocess of deposition of the vein-material was a chemical in­ 

terchange, or actual replacement of the roclc-mass in which they were de­ 
posited.

III. That the mineral solutions or ore-currents concentrated along natu­ 
ral water channels and followed by preference the bedding planes at a cer­ 
tain geological horizon ; but that they also penetrated the mass of the ad­ 
joining roclcs through cross-joints and cleavage planes.

And with regard to distribution—
I. That the main mass of argentiferous lead ores is found in calcareo- 

magnesian rocks ;
II. That the siliceous roels, porphyries, and crystalline rocks contain 

proportionately more gold and copper.
As regards classification it is more difficult to make a definite state­ 

ment. Voii Groddeck's term " metamorphic deposits" would include all 
the deposits of the district, with the possible exception of certain veins 
in the Archaean which have not as yet been sufficiently developed for 
thorough investigation. These veins would, in any event, come under 
the popular definition of true fissure veins, even though they should 
prove to be metamorphic, or the result of the alteration of country rock 
iu place. Those not in the crystalline rocks would, in the main, come 
under the popular definition of contact veins, but they not infrequently 
pass directly into pipe veins, as in England; while, on the other hand, 
the fissure veins, which some have considered true fissures, correspond 
to the English pipe or rake veins. They would, however, be excluded 
from Pumpelly's class of gash veins, inasmuch as they do not fill pre­ 
existing fissures. There is no evidence that the deposits in limestone- 
were made in pre-existing cavities; on the contrary, the eaves, which are 
not infrequently found, are plainly due to the action of surface waters, 
and are sometimes hollowed out of ore bodies as well as of limestone. 
When ore is found in them it is through the accident that surface waters 
have followed or crossed a previous ore-channel. Moreover, the thick­ 
ness of the original limestone bed, or the distance between the enclos-
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ing strata, is found to be proportionately reduced if the amount of re­ 
placement has been exceptionally great.

Secondary deposition.—As in the deposition of minerals from percolat­ 
ing waters the process is a practically continuous one, and by changes 
in the character of the waters, minerals already deposited may be 
redissolved and deposited again in another place or form, the state­ 
ment that a mineral is in its original form or position may be only rela­ 
tively true. The action of surface waters, that is, those which have 
penetrated the rock masses directly from the surface during recent 
geological time, is, however, one that can be readily traced by the 
preponderance of combinations of oxygen and chlorine with the met­ 
als of an ore deposit in those portions which are near the present 
surface. To such combinations, therefore, the term secondary may bo 
safely restricted in speaking of ore deposits.

The deposits of the Leadville region are peculiarly exposed to the ac­ 
tion of surface waters; first, because of the relatively great precipita­ 
tion ; and, second, because of the geological structure, the numerous 
faults and displacements bringing the ore-bearing horizon near the 
surface in a great number of points, and erosion having largely re­ 
moved from above them the more impermeable sedimentary beds, and 
left a covering of relatively permeable porphyry. This is more espe­ 
cially the case iu the immediate vicinity of Leadville, the value of 
whose ores is greatly enhanced by the predominance in them of oxides 
and chlorides. It may also be observed, in considering the distribution 
of minerals, as shown by present developments, that the proportion of 
secondary products is less in the higher altitudes, where the waters 
are imprisoned by frost during a comparatively larger portion of the 
year.

Composition.—The prevailing and by far the most important ore, 
from an economical point of view, is argentiferous galena, and its sec­ 
ondary products, cerussite or carbonate of lead, and kerargyrite or 
chloride of silver. Lead is also found as anglesite or sulphate, as py- 
romorphite or phosphate, and occasionally as oxide in the form of 
litharge or more rarely minium. Silver frequently occurs as chloro-bro- 
rnide, less frequently as chloro-iodide, occasionally as sulphnret, and 
very rarely in the native state. Chemical investigation has failed to 
detect sufficient regularity in the proportions of chlorine, bromine, and 
iodine combined with the silver to justify the determination of dis­ 
tinct mineral species.

Gold occurs in the native state, generally in extremely small flakes 
or leaflets. It is also said to have been found in the filiform, state iu 
galena.

As accessory minerals, are:
Zinc blende, and silicate of zinc or calamine.
Arsenic, probably as sulphide and as arscuiatc of iron.
Antimony, probably as sulphide.
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Molybdenum, in the form of wulfenite, and locally copper, as car­ 
bonate or silicate.

Bismuth as sulphide, and its secondary product, a double-carbon­ 
ate.

Tin has been detected in furnace products.
Iron occurs as an ore, though in the Leadville deposits it may be con­ 

sidered as an essential part of the gangue or matrix in which the valua­ 
ble ore is found. In the former case it occurs in considerable bodies, 
as pyrite or sulphide, and anhydrous oxide, or red hematite with a 
little magnetite.

Gangue.—The other components of the ore deposits, which may be 
considered as gangue, although this term is perhaps more strictly ap­ 
plicable to non-metallic minerals, are :

Silica, either as chert, or a granular cavernous quartz, and chemically 
or mechanically combined hydrous oxides of iron and manganese. . A 
great variety of clays or hydrous silicates of alumina, generally very 
impure, and charged with oxide of iron and manganese, the extreme of 
purity being white normal kaolin, containing at times sulphuric acid 
in appreciable amount. Sulphate of baryta, or heavy spar. Carbonate 
of iron, pyrite, and sulphate of lime, are comparatively rare in the de­ 
posits of Leadville itself. The miner's term, "Chinese talc," has been 
preserved for a substance which is found with singular persistence along 
the main ore-channel, or at the dividing plane between the White por­ 
phyry and underlying limestone or vein material, and also at times 
within the body of the deposit. It is composed of silicate and a vary­ 
ing amount of sulphate of alumina, to which no definite composition 
can be assigned. It is compact, semi-translucent, generally white, and 
very soft and easily cut by the finger-nail. It is very hygroscopic ; 
hardens, and becomes opaque on exposure to the air.

Paragenesis.—The metals were all brought in as sulphides. The evi­ 
dence of this is found in the fact that they form the interior or unaltered 
kernels of masses of lead ore, that sulphurets already increase in pro­ 
portion as the more unaltered portion of the deposits is reached, and 
in the fact that a basic sulphate of alumina is left as the result of the 
action of sulphurous waters on porphyry along the main ore-channel. 
The silver was without doubt originally contained in the galena, and 
where now found as chloride free from lead is a secondary deposition.

While the sulphide of lead was undoubtedly deposited as such, it 
seems more likely that an actual chemical interchange took place be­ 
tween the sulphide of iron and the carbonates of lime and magnesia, the 
latter being carried away as soluble sulphates, and the former de­ 
posited either as carbonate, or directly as oxide. As regards the rela­ 
tive ago of lead and iron, it is difficult to determine definitely whether 
galena was originally deposited in the dolomite, and the process of re­ 
placement of the latter by oxide of iron went on around it later, or 
whether the two were deposited at practically the same time, as sul-
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phides, the pyrites being in so much greater amount as practically to 
enclose the galena, so that, being thus first exposed to oxidizing action, 
and perhaps also more susceptible to it, they are now completely oxidized, 
•while the galena is only partially so. That the replacement of dolomite 
by oxides of iron and manganese has been going on in comparatively 
recent times is quite evident. This, and other phenomena bearing upon 
these questions, will be Explained in detail in the final report.

With regard to the immediate source from which the vein materials 
were derived, chemical examinations of the various rocks of the region 
made on specimens taken from portions at a distance from ore deposits, 
and in a comparatively unaltered condition, show that while the sedi­ 
mentary and crystalline rocks contain no precious metals, appreciable 
amounts of gold, silver, lead, and baryta may generally be found in 
the eruptive rocks. The details of these examinations must be reserved 
for the final publication, but an idea of the amount of material availa­ 
ble in these rocks may be obtained from the following estimate of the 
possible contents of a single variety of poiphyry of the Leadville dis­ 
trict, the Pyritiferous porphyry. The figures are deduced from the 
superficial area of its outcrop, as shown on the map, its probable thick­ 
ness, and the average percentage of metals contained in it, deduced 
from chemical examination of eleven specimens taken from different 
parts. They are, in round numbers, 250,000,000 ounces of silver, 
9,000,000 tons of galena, and 100,000,000 tons of limonite, which repre­ 
sents fairly the average proportions of each in Leadville ores as a whole.

As regards the agents of secondary deposition, chlorine was found in 
the surface waters, and also in all the dolomites and limestones; traces of 
bromine were also detected in the latter. Phosphoric acid is found in 
the White porphyry, and in comparatively large amount in the Lingula 
shales which overlie the Blue limestone. Carbonic acid, as is well 
known, exists everywhere in the air and water; it is chemically com­ 
bined in lime and magnesian rocks, aiid mechanically in siliceous rocks.

Distribution.—TJie principal ore-deposits of the region are found at or 
near the contact of the Blue limestone with the overlying porphyry.

The contact of the main sheet of White porphyry has, wherever it 
has been examined, shown evidence of the passage of ore-currents, and 
in the region of Leadville, although not every inch, or every foot even, 
yields an appreciable quantity of silver, no considerable area has yet 
been examined without finding bodies of valuable ore. The ore is, 
however, by no means confined to the surface of the limestone, but often 
extends into its mass, pinching out however in depth; sometimes the 
bodies thus developed show no visible connection with the surface, but 
it is evident that they originally came from it.

While for some as yet unexplained reason the horizon of the Blue lime­ 
stone was exceptionally favorable to the deposition and concentration 
of ore, valuable deposits are occasionally found elsewhere, generally 
along bedding planes or contact surfaces, less frequently on jointing
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planes. The deposits in crystalline rocks, which are popularly supposed 
to be true Assure veins, have, as before stated, been but little studied.

A brief mention of a few of the best known mines will, perhaps, 
give a better idea of the geological distribution of ores than any general 
statement.

On the east side of the range the Monte Cristo deposits, which occur 
on the east flank of Quandary Peak, consist *of galena impregnating 
one of the upper quartzite beds of the Cambrian horizon. The Phil­ 
lips mine, in Buckskin Gulch, is a concentration of gold-bearing pyrites 
along a bedding plane of the Cambrian quartzite, in the neighbor­ 
hood of a dike or intrusive mass of quartz porphyry. The Criterion 
mine, now deserted, had large lenticular bodies of ore replacing this 
quartzite, adjoining which are natural caverns hollowed out of such 
bodies by surface waters, while the ore channels extend up into the 
White limestone above. The Orphan Boy, in Musquito Gulch, is also 
apparently an impregnation or replacement of quartzite beds of this 
horizon.

In the massive of Mounts Lincoln and Bross the Blue limestone has 
been the scene of the most extensive ore deposition. Here it is over­ 
laid by a sheet of Lincoln porphyry, while innumerable dikes and 
cross-bodies of other porphyries exist, which could not be accurately 
traced out in the limited time that could be given to this region. 
The ore bodies of the Eussia, Moose, and other mines extend irregu­ 
larly from the surface into the mass of the limestone, while in the Dolly 
Varden mine, on Mount Bross, the ore is found in that portion of the 
limestone which immediately adjoins a vertical dike of White porphyry. 
In the Sacramento mine, on the spur between Sacramento and Four- 
Mile Gulches, rich galena and carbonates are found in irregular bodies 
in the Blue limestone; the Sacramento porphyry, which originally 
overlaid it, has been largely removed by erosion, and the connection 
with the contact surface, if it existed, is not to be seen. On the main 
crest of the range the Peerless, Badger, Kew York, and other mines 
find their ore at or near the contact of the Blue limestone and White 
porphyry. West of the crest, the Dyer mine, near the head of Iowa 
Gulch, has long been worked on rich bodies of galena, associated with 
some copper, which occur in the White limestone.

In the region shown in the accompanying map, the discoveries of ore 
have been more strictly confined to the Blue limestone horizon, which 
really offers the best promise to prospectors. Some of the prominent ex­ 
ceptions are the Printer Boy and Five-Twenty deposits which are mainly 
free gold, with a little pyrites and galena, occurring along a vertical 
joint or line of fracture in the porphyry. The Colorado Prince and 
Miner Boy have likewise a gash vein carrying gold in the Lower quartz­ 
ite. The Black Prince has veins of sulphurets extending up into the 
Whi< e limestone. The Dania, J. B. Grant, and other shafts on Yankee 
Hill have found small bodies of iron on the White limestone contact.
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The Great Hope found the Parting quartzite impregnated with gold to 
such an extent that it could be profitably worked. The Ocean is said 
to have obtained gold from the Lower quartzite and the Nevada 
tunnel has found ore bodies, possibly belonging to a similar horizon, 
though, as it is on a fault line, it is difficult to say what was their origi­ 
nal position. The Eeady Cash gets gold ore from a vein in the granite, 
while above the horizon of tke Blue limestone the Green Mountain, 
Ontario, Tiger, and others have found ore in gash veins in the Pyri- 
tiferous porphyry and at its contact with the Weber grits.

The most valuable ore bodies, however, are those which occur as 
a replacement of the Blue limestone. At times the original dolomite 
has been so largely removed that its geological position can only be 
recognized by the bounding beds. In the subjoined description, how­ 
ever, the horizon is spoken of by its geological name, whether it be 
represented by dolomite or a mass of iron-stained clay, granular quartz, 
or chert. The reader must also bear in mind that when outcrops are 
spoken of not the actual surface of the ground is referred to, but the 
surface of rock in place under the Wash or other superficial detritus. 
In a great portion of the shafts mentioned this rock is only reached after 
passing through a hundred feet or more of detrital material.



CHAPTER VI.
DESCRIPTIVE GEOLOGY OP THE LEADVIIXE REGION.

GENERAL STRUCTURE.

The central region of the general map is, as has already been 
seen, the region of greatest dynamic, as well as eruptive, action. 
A section across the range at Leadville would show, as the re­ 
sult of dynamic action, five anticlinal folds and six principal faults. 
On the east side of the range, as already seen, the structure is rela­ 
tively simple. The beds sloping back to the eastward are broken by 
one main anticlinal fold and its accompanying fault, the London fault. 
On the west of the crest, however, instead of one main fault as in the 
regions north and south, the continuity of the beds is broken by six 
principal and several minor faults.

The accompanying map shows the most important features of 
the geology of that region. Its eastern border extends to within 
two to three miles of the main crest, which consists of Archtean rocks, 
capped by easterly-dipping Paleozoic beds and intrusive porphyries 
which rest upon them. For a better comprehension of the descrip­ 
tion which follows, the reader is requested to refer constantly to the 
map and its accompanying sections. He will there see that its 
area is divided into a series of irregular zones, or blocks, by 
the lines of six principal faults, having a general north and south 
direction. For the purposes of description these have received 
the following names, commencing on the east: 1st, Mosquito fault; 
2nd, Ball Mountain fault; 3rd, Westoii fault; 4th, Mike fault, with a 
branch called Pilot fault; 5th, Iron fault; Cth, Carbonate fault, with a 
branch called Pendery fault.

Besides these are the following minor and cross-faults: 1st, 
on the southern edge of the map, «the Iowa Gulch cross-fault, 
which connects the Westoii and Ball Mountain faults; 2nd, the 
Union cross-fault, which extends from the head of Union Gulch 
across Upper Long & Deny Hill, and joins the Weston fault in the bed 
of Iowa Gulch; 3rd, the Colorado Prince fault, north of Breece Hill, 
a diagonal cross-fault approximately parallel to South Evans Gulch, 
which joins the Ball Mountain and Weston faults; 4th, on the west 
slope of Breece Hill another cross-fault, the Breece fault, running nearly 
east and west, joins the northern end of the Mike fault with Weston fault; 
5th, a lit tie further west the Adelaide cross-fault which connects the 
Iron and Mike faults, while at California Gulch the southern continua- 
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tiou of the Iron fault is formed by three different faults: the Dome 
fault, connected with the Iron fault by the California cross-fault fol­ 
lowing the line of the gulch, aud the Emmet fault, which connects the 
California fault with the Iron fault. The Pilot fault, already mentioned, 
is a short north and south fault, crossing California Gulch above the 
Mike fault, running across the west end of Printer Boy Hill, and join­ 
ing the Mike fault in Iowa Gulch. ThePeudery fault, already mentioned, 
and the South Dyer fault, a cross-fault running eastward from the Mus- 
quito fault along the south slopes of Dyer Mountain, raise to seven­ 
teen the total number of faults represented on the map.

In ground broken by such a complicated net-work of fractures, and 
subjected since to the enormous erosion which is shown to have taken 
place in this region, it is extremely difficult, even for a trained geol­ 
ogist, to reconstruct ideally the original folds into which the sedi­ 
mentary beds and their included sheets of porphyry were once com­ 
pressed. As, however, the action of faulting was so intimately con­ 
nected with that of folding, and the displacements in many cases 
pass into simple folds, it is essential, in order to obtain a clear idea of 
the relative position of the different beds below the surface, and the 
depths at which they may be found, that one should be able to recon­ 
struct in his mind the original folds, and then figure to himself the 
faulting action which has brought the beds into the discordant juxta­ 
position in which they are now found on the surface, as shown on the 
map.

For this purpose the general structure along certain east and 
west lines will be first described, and after that the present condition 
of the surface, and the underground structure, as revealed by shafts, 
of each zone or block of ground included between the principal fault 
lines will be described in detail. The three cross-sections accompany­ 
ing the map, which have been carefully drawn to scale, and in which 
the thickness of the beds is an average deduced from numerous obser­ 
vations, will be valuable aids; but it must bo-borne in mind that, owing 
to the great number of minor irregularities m faulting and folding, a 
section drawn a comparatively short distance to the north or south of 
either of these might differ very greatly from it.

In Section E, which is drawn approximately through the middle of 
the map, and which may therefore be considered as a type section, 
the effect of displacement is more prominent than that of folding. 
This line runs through the southern edge of the town of Leadville it­ 
self, across Carbonate, Iron, and Breece Hills, passing just north of the 
crest of Ball Mountain, and of East Ball Mountain, to the summit of 
West Dyer Mountain.

Along this line, going from west eastward, the following are the main 
features of folding: in the region under Leadville, or from the western 
edge of the map to the Carbonate fault, a shallow synclinal; under Car­ 
bonate Hill, or from the Carbonate to the Iron fault, a second shallow 
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synclinal; and from Iron Hill eastward, a third; in all of which the pre­ 
vailing dip is eastward, only a small portion of the eastern edge of the 
basin having a westerly dip. In the region between Iron Hill and Ball 
Mountain, or, in other words, on the western slope of Ball Mountain, the 
surface is so uniformly covered with Pyritiferous porphyry that there is 
no direct evidence of any folding; although a slight anticlinal fold might 
be expected near the line of the Pilot fault, from the fact that one exists 
on its strike both north and south. At Ball Mountain is a sharp anti­ 
clinal fold; and east of that the beds slope back in a monoclinal to the 
eastward. The effect of displacement produced by the faults has been 
to lift each successive block of ground up to the east of the fault, except 
in the case of a wedge-shaped portion included between the Mike and Pilot 
faults, in which there has been a slight downward movement.

On an east and west line south of this, say one following the ridge 
south of Iowa Gulch, the beds of the Blue limestone would be fust met 
about due south of the summit of Carbonate Hill, sloping east in a shal­ 
low synclinal basin, and rising again in an anticlinal whose axis cor­ 
responds to the southern continuation of the Dome fault. The crest of 
this fold having been planed off by erosion, the contact would be want­ 
ing for something over half a mile and be found at the head of Thomp­ 
son Gulch, dipping to the eastward, but rising gently as it approached 
the continuation of the Mike fault. The ground east of this fault hav­ 
ing been lifted up, the Blue limestone has been in part removed by 
erosion, and would next be found at the Long & Derry mine, sloping 
again eastward as far as the Union fault. Beyond this fault it has 
again been removed by erosion, a little remnant only being found 
above the White porphyry, in the uplifted portion adjoining the Westoii 
fault. Between this and the Mosquito fault is the arch of an anticlinal 
fold, on which only Lower quartzite is left. Beyond the Mosquito fault 
erosion has cut down to the Archaean rocks, the Blue limestone being 
next found on the western face of Mount Sheridan, along cither of 
whose sides it may be traced, sloping back to the crest of the main ridge.

On the line of the section north of the first described, namely, Sec­ 
tion B, which passes through Fryer and Yankee Hills, the faulting ac­ 
tion is less prominent, owing to the fact that many of the faults have 
in their northern continuation merged into folds. On the north of 
Leadville, extending from the western limit of the map to the eastern 
edge of the town, is the same broad synclinal noticed in the first sec­ 
tion. From here to the western edge of Fryer Hill is a short anticlinal, 
from whose crest the Blue limestone has been planed off. It is suc­ 
ceeded by a shallow synclinal fold under the western half of Fryer 
Hill, followed by a short anticlinal at its crest, while in the gulch 
back or east of the hill is found the rim of a deep synclinal basin, 
which passes under Little Stray Horse Park. At the west foot of 
Yankee Hill the ore-bearing horizon rises to the surface, and descends 
to the eastward again just beyond the summit of this hill; the crest of
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the intervening anticlinal fold, into which the northern continuation of 
the Iron fault merges, having been eroded off. From this point the 
strata descend to the westward, rising in a gentle wave near the Great 
Hope mine, but not reaching the surface, and then sloping again east­ 
ward until they rise on the South Evans anticlinal or arc cut off by 
Weston fault. East -of Weston fault, in the region around the mouth of 
South Evaus Gulch, is another anticlinal, or quaquaversal, whose sum­ 
mit has been worn away, leaving the outcrops of succeeding beds in 
a series of concentric rings.- On the east of this fold the beds slope 
continuously to the eastward at an angle of from 15° to 20°, a conforma­ 
ble series, extending high up into the Weber grits, being still left un- 
eroded on the summit of Little Ellen Hill.

In Section C, which follows nearly the northern boundary of the 
map, the faults have apparently all been eliminated, and the outlines of 
formations shown on the map owe their form entirely to folding, and ero­ 
sion. One broad anticlinal under the west slope of Prospect Mountain, 
and a shallow synclinal in the Arkansas Valley, express the broader 
general features of folding. Near this line, at the mouth of the East 
Fork of the Arkansas, are found the westernmost actual exposures of 
Paleozoic rocks within the area surveyed. These consist of beds 
belonging to the Lower quartzite formation, exposed in the bed of the 
stream, and in the cliffs south of it, dipping to the southeast. They 
constitute the most definite evidence of the synclinal basin supposed to 
underlie the town of Leadville.
. Distribution of porphyry.—Before proceeding to the detailed descrip­ 
tion of this region, it may be well to give the general outlines and dis­ 
tribution of the principal bodies of porphyry. The most important is 
the body of White porphyry which, within the limits of this map, is 
almost invariably found directly above the Blue limestone. As it forms, 
over a great part of the area, the surface rock, and has therefore 
been subjected to considerable erosion, but few opportunities were 
offered to determine its actual thickness. In general it thins out to 
the north and east. On Iron and Carbonate hills it has a possible thick - 
'ness of over 1,000 feet. Along Evans Gulch it will scarcely average 
100, and even thins out entirely. Along a line from Fryer Hill to West 
Sheridan the White porphyry seems to cut down across the Blue lime­ 
stone ; and northeast of that line is found a second sheet, between the 
Blue andthe White limestone, which also apparently dies out to thenorth- 
eastward. Locally, small sheets of White porphyry are found at a still 
lower horizon, in the body of the White limestone and even in the Lower 
quartzite. ....... .

Gray po'rphyry.—One main sheet of Gray porphyry is found above 
the main White porphyry body, separating it from the overlying Weber 
formation. This also is found in its principal development northeast 
of-the line mentioned, running from Fryer Hill to West Sheridan. Be­ 
sides this main sheet other bodies of porphyry, either identical or closely
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allied to it in composition, are found in different parts of the region, 
either as sheets irregularly interstratified, or more rarely in the form of 
dikes. The only prominent instances of the dike form are that on Fryer 
Hill, and the three prominent dikes which cross Long & Derry and 
Printer Boy Hills, in a north and south direction.

The Pyritiferows porphyry is principally concentrated on Breeee Hill 
and Ball Mountain. Here it seems to form four principal sheets, the 
lower of which either replaces or occupies a horizon immediately above 
the main sheet of Gray porphyry, above which are three interstratified 
bodies in the Weber grits. In addition to these, a fifth body of Pyii- 
tiferous porphyry is found above Oro City in California Gulch, cutting 
up through the White limestone. Practically, its present exposure may 
be said to be bounded by the line of Breeee fault on the north, Ball 
Mountain fault on the east, Iowa Gulch on the south, and Mike fault on 
the west.

AREA EAST OP MOSQUITO FAULT.

In the area between the Mosquito fault and the crest of the range, 
only a small portion of which is represented in the southeast corner of 
the map, glacial erosion has carved the amphitheater-shaped basins at 
the head of the various streams out of the Archaan rocks. The very 
summits of the intervening ridges are capped by remnants of Paleozoic 
beds and intrusive sheets of porphyry which have escaped erosion. 
In the Iowa amphitheater, at the head of Iowa Gulch, two minor faults, 
at right angles to each other, the one running a little south of east, the 
other a little east of north, have let down an included area to the south­ 
west relatively to the portions north and east of these faults respec­ 
tively. The end of one of these, the South Dyer fault, is shown on 
the map on the south slope of East Ball Mountain, where it joins the 
Mosquito fault. As is shown there, a portion of the Lower quartzite, 
with an included sheet of the White porphyry, is left on a shoulder of 
the steep slope to the south of the fault. Three tongue-like masses of 
the lower beds of the Paleozoic series are seen on the extreme eastern 
edge of the map, which represent the western end of the Paleozoic beds 
forming the crest of Dyer, East Ball, and West Sheridan Mountains, 
respectively.

BETWEEN MOSQUITO AND BALL MOUNTAIN FAULTS.

To the west of the Mosquito fault, the region adjoining the upper por­ 
tion of Big Evans Gulch, namely the ridge extending eastward from 
Prospect Mountain to the foot of Mosquito Pass on the north, and the up­ 
per portion of Little Elleu Hillonthe south, is formed of easterly dipping 
beds of coarsa conglomerates and micaceous quartzites of the Weber
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grits formation. In these rocks are several bodies of porphyry, tbe ap­ 
proximate outlines of the most important of which are indicated on the 
map. Two on the Prospect Mountain ridge are apparently dikes. The 
western one is a flue-grained, the other a coarse-grained porphyry, con­ 
taining large feldspars, neither of which belong definitely to either of 
the principal types mentioned above. A porphyry similar to the coarser- 
grained is found on the north slope of Little Ellen Hill; while in the Big 
Evans Gulch below the saw-mill, and extending up on to the north 
bank of the gulch, is an apparently interbedded mass of Mount Zion 
porphyry. The lower portion of the Weber grits in this region con­ 
tains an unusual number of beds of carbonaceous shales, in which there 
is often a considerable local development of coal. This is shown by 
various shafts, notably the Ellesmere and Little Providence, near the 
head of the South Evans Gulch; in the former of which a bed of im­ 
pure anthracite, nearly eighteen feet in thickness, is found. The coal 
has, however, thus far proved of little economic value. Similar beds of 
anthracite have been found and extensively prospected at approx­ 
imately the same geological horizon in different parts of the West, es­ 
pecially in Nevada, near White Pine, south of Argenta and north of 
Elko. The result of these explorations offers little encouragement to 
a search for beds of workable coal at this horizon, especially where the 
Cretaceous rocks, which are known to contain valuable coal-beds, are 
so widely spread and easy of access as in Colorado.

The lower horizons of the Paleozoic series are brought to the surface 
by an anticlinal, or quaquaversal fold, at the foot of the steep northern 
slope of Ball Mountain. The western slope of this anticlinal is cut off 
by the Ball Mountain fault, whose line is shown in the Nevada tunnel, 
which has been run in 011 it near its junction with the Colorado Prince 
cross-fault.

The distribution of the White porphyry bodies is here rather excep­ 
tional, as they are principally developed in the lower horizons, forming 
several sheets within the Lower quartzite arid White limestone; while 
the bed above the Blue limestone is comparatively thin, and at one 
point entirely wanting. It might be inferred from this that near here 
is one of its vents, or points where it has been intruded through the 
Archaean into the overlying Paleozoic beds.

The Blue limestone outcrop runs from the Ball Mountain fault east­ 
ward a short distance along the north bank of South Evans, and then 
bends southward, following up its sonth fork, or Alps Gulch, across the 
Alps saddle, and then sweeps around the hill to the eastward, until it is 
cut off near the Hawkeye shaft by the Mosquito fault. The contact be­ 
tween it and the overlying White porphyry has been actually proved in 
the Little Eische, Little Ellen, Lulu, Gnome, Wall Street, Dauntless, and 
Alps shafts, in the second of which only have any valuable ore bodies 
been developed. On the saddle cast of Ball Mountain actual outcrops 
of the Blue limestone and the underlying Parting quartzite are found 
dipping steeply to the eastward; west of this thecroppings of a sheet of
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White porphyry separate the Parting quartzite from the "White lime­ 
stone, and cover the surface of Bull Mountain to its summit, while be­ 
yond the fault its slopes are covered l>y Pyritiferous porphyry.

Southward, towards Iowa Gulch, the surface is mainly covered by the 
lower White porphyry body, the White limestone being apparently di­ 
vided into several distinct sheets or beds; one of these and the underly­ 
ing Lower quartzite are found to outcrop on the steep southern slope 
of Ball Mountain, rising up against the fault with a dip of 50° to the 
eastward. The Lower quartzite is also exposed by erosion in the bed 
of Iowa Gulch, just above the fault-line. North of Ball Mountain the 
Lower quartzite is cut on the south side of the anticlinal already men­ 
tioned in the John Mitchell and St. Jo shafts; and on its north side 
in the Ocean shaft.

Sail Mountain fault.—From its junction with the Mosquito fault on 
Long & Derry Eidge, Ball Mountain fault extends nearly north across 
Mosquito Gulch to the crest of Ball Mountain, then curving sharply 
around to the westward to the End Squeeze, or Cleopatra shaft, it bends 
northward through the Nevada tunnel and Ocean shaft, across the foot 
of the steeper slope of Little Ellen Hill, and disappears beyond Big 
Evans Gulch. Its movement of displacement is an upthrow 011 the east 
which has a maximum at the southern end, or in Iowa Gulch, of about 
2,350 feet, and gradually decreases to the northward.

BETWEEN BALL MOUNTAIN AND WESTON FAULTS.

This area represents a still more complicated structure than the one 
jnst described, owing to the existence of Iowa Gulch and Colorado 
Prince cross-faults; and further to the fact that the movement of dis­ 
placement of the Weston fault is reversed at either end.

The Weston fault, which joins the Mosquito fault in Empire Gulch, 
crosses the intervening ridge to Iowa Gulch, in a northwesterly direc­ 
tion, at the foot of the steeper slope of Upper Long & Derry Hill. In 
Iowa Gulch it passes just west of the Ella Beeler shaft; then extends 
in the same general direction across the south slope of Green Mount­ 
ain, and the head of California Gulch, below the Tiger tunnel and a 
little east of the Ella tunnel. On Breece Hill its exact location is diffi­ 
cult to fix, as Pyritiferons porphyry occurs on either side of it. It 
passes, however, close to the Highland Chief No. 2 shaft and a little 
west of the Ontario; then down the northern slope between the Fenian 
Queen on the west and the Chemung tunnel on the east, and crosses 
Big Evans just east of the mouth of Lincoln Gulch. North of Big 
Evans it disappears under the moraine ridge between it and Little 
Evans Gulch, and on Prospect Mountain apparently passes into an 
anticlinal fold.
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The movement of displacement of this fault is quite remarkable. In 
Iowa Gulch it has an upthrow to the west of about 500 feet, which de­ 
creases to the northward, becoming null near the Tates shaft on Breece 
Hill. The movement of displacement is then reversed, the upthrow, 
which is on the east side, reaching a maximum of about 700 feet near 
the mouth of Lincoln Gulch, opposite the South Evans anticlinal, and 
then decreasing again to the north.

By the displacement of the loica Gulch cross-fault, which has an up­ 
throw of about 2,700 feet on its south side, that of the Weston fault is 
again reversed, the upthrow being to the eastward, south of Iowa Gulch 
fault. In this uplifted block of ground, south of the Iowa Gulch fault, 
the only exposure, besides the Archaean rocks, is a strip of Lower 
quartzite left on the crest of Upper Long & Derry Hill, with a small 
body of underlying porphyry, which has an anticlinal structure, or a 
dip towards either fault on the east and west. In Iowa Gulch and up 
the southwestern slopes of Ball Mountain the surface is mostly covered 
by Pyritiferous 'porphyry, of which four principal sheets are found sep­ 
arated by intervening beds of the Weber grits dipping to the east­ 
ward. Included in the main, or upper body of Pyritiferous porphyry, 
are several detached fragments of these beds. Descending the western 
spur of Ball Mountain towards South Evans Gulch, the influence of 
the South Evans anticlinal is seen in the southerly dip of the beds, and 
one passes down geologically across the outcrops of the upper sheets of 
Pyritiferous porphyry, the underlying Weber grits, and the Weber 
shales which form its base, across the lower Pyritiferous porphyry and 
the underlying Gray porphyry to the Blue limestone, and the succeed­ 
ing Silurian and Cambrian beds.

Colorado Prince fault.—The Colorado Prince cross-fault, which fol­ 
lows approximately the foot of the steep slope of Breece Hill, overlook­ 
ing South Evans Gulch and the East Fork of Lincoln Gulch, has in 
general an upthrow to the southwest, its displacement being a maxi­ 
mum at the eastern end and decreasing westward; near Weston fault 
the movement is apparently reversed. The effect of its movement has 
been to cut off the southern end of the South Evans anticlinal, as the 
Weston fault has cut off a portion of its western slope.

South Evans anticlinal.—The data obtained from the numerous shafts 
around the month of South Evans Gulch show that there is here a sheet 
of White porphyry between the Archaean and the Lower quartzite. The 
main sheetof White porphyry above the Blue limestone is relatively thin, 
and onthe south side of the anticlinal apparently wanting altogether; but 
in its place occurs a sheet of White porphyry between the Blue and the 
White limestone. East of the anticlinal the Weber grits rest directly on 
the White porphyry; but to the west were separated from it by the main 
sheet of Gray porphyry, which is now entirely removed by erosion, with 
tjhe exception of small detachedmassesincluded in the porphyry. On the 
south point of the anticlinal, or under Idaho Park, the Gray porphyry



248 GEOLOGY AND MINING INDUSTRY OP LEADVILLE.

comes directly in contact with the Blue limestone. On the crest of the 
anticlinal granite is exposed between the mouth of South Evans and Lin­ 
coln Gulches, being cut in the Caledonian and other shafts, while tho 
Silver Tooth bore-hole has penetrated it to a depth of 340 feet. On the 
eastern edge of this outcrop in Lincoln Gulch the Boulder incline has 
been sunk on the Colorado Prince fault, which has here a reversed dip, 
granite being on the hanging wall, White porphyry and quartzite 
on the foot wall. The Cumberland shaft, close to this, south of the 
Colorado Prince fault, is in the White porphyry immediately above tho 
granite. The Fitchburg incline, opposite the Boulder, on the south 
side of Lincoln Gulch, went down on the contact of the White limestone 
and Lower quartzite at an angle of 20° to the southwest. The Colorado 
Prince tunnel, also south of the Colorado Prince fault, cut successively 
southerly-dipping bodies of the lower White porphyry, and the Lower 
quartzite. On the hill above this, the workings of the Black Prince 
and Miner Boy, starting at a higher horizon, reach the vein material 
in the Blue limestone; the Miner Boy, or Kentucky tunnel, being run 
successively through the Lower quartzite, the White limestone, and an 
intercalated sheet of White porphyry, into the Blue limestone; while 
another shaft of the Miner Boy, further south, has struck Weber shales 
above the Blue limestone.

At the Highland Chief mine, still higher up the hill, both tunnel and 
shaft have been run through the overlying Gray porphyry to the crest 
of a secondary wave, or slight anticlinal, in the Blue limestone. The 
limestone is here almost entirely replaced by granular, porous quartz, 
which is impregnated with pay ore, consisting largely of carbonate of 
lead and chloride of silver, with a little carbonate of copper. It is in­ 
teresting to observe, in connection with the concentration of ore at 
this point, that a dike of Gray porphyry is here found penetrating the 
ore-horizon. West of the Highland Chief, the Highland Mary, Curran, 
and other claims have struck the Blue limestone; while the Chemung 
tunnel beyond them has been run to the southeast, on the contact 
between Gray and White porphyry, and, cutting across the latter, 
passed into the Blue limestone which has at first a dip of 25° north, and 
then slopes southwest, showing that the wave or anticlinal ridge men­ 
tioned in the Highland Chief extends in this direction. Several shafts 
on tlie Eliza and Little Alice claims strike the limestone under the 
Wash; but the main shafts of these claims were sunk through the 
lower sheet of White porphyry to the White limestone.

North of the Colorado Prince fault the eroded edges of the beds 
which form the eastern side of the anticlinal cross the lower point of 
Little Ellen Hill, from South Evans to Big Evans Gulches, and north 
of the latter bend around to the west. The Virgiuius, Tenderfoot, and 
Cleveland shafts have cut the contact of the Blue limestone and over­ 
lying White porphyry, the former of which is largely replaced by vein 
material. This outcrop has not been prospected to any great extent,
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either in South Evans or Big Evans Gulch, although many shafts have 
been sunk to the eastward in the overlying Weber shales, and to the 
westward in the underlying Silurian and Cambrian beds. In Big 
Evans Gulch the U. S. Mint shaft is sunk in the shaly beds at the top 
of the Lower quartzite, on the northeast slope of the anticlinal. At 
the foot of Prospect Mountain, in the bed of the upper portion of Little 
Evans Gulch, the La Harpe, Stillwell, Little Louise, Golden Eagle, 
and other shafts are sunk near the contact of the main Gray porphyry 
sheet and the overlying Weber shales, which dip here 25° to the north.

BETWEEN WESTON AND MIKE FAULTS.

The southern portion of this area, which includes the mam mass of 
Long & Derry and Printer Boy Llills, has been lifted up relatively to 
the succeeding zone on the west.

The Union fault runs across the upper portion of Long & Derry Hill 
in a direction due north, and joins the Weston fault m the bed of Iowa 
Gulch, just below the Ella Beeler tunnel. The displacement accom­ 
panying this fault has lifted up still further a triangular block of 
ground, in which two little remnants only of the Blue limestone are left 
adjoining the Weston fault above the lower White porphyry; while 
by the erosion of Iowa and Empire Gulches on either side of the ridge 
the White limestone, Lower quartzite, and a little Archsean are exposed 
under it.

The top of Printer Boy Hill and the upper portion of Long & Derry 
Hill are covered by the upper sheet of White porphyry, included in 
which on the latter are found thin beds of shales and quartzite, belong­ 
ing to the Weber grits. On the steep cliffs of Long & Derry Hill, over­ 
looking Iowa Gulch, actual outerops of White limestone and overlying 
Blue limestone can be seen in the cliffs above the Long & Derry grade. 
The contact of the latter with the overlying White porphyry is well 
marked by a hue of prospect shafts and mine workings, the most im­ 
portant of which are those of the Long & Derry mine, where the ore is 
found mostly in the body of the limestone, and of the Florence mine, 
on the noith face of Printer Boy Hill, which have developed a consid­ 
erable ore body extending from the contact into the body of the lime­ 
stone. On the surface immediately below the Long & Derry mine 
is a prominent dark outcrop of siliceous oxides of iron and manga­ 
nese impregnating a portion of the Blue limestone. The otitcrops of 
this horizon, as shown on the map, curve back on either side of Long 
& Derry Hill, owing to the erosion of the adjoining gulches. From the 
Florence mine the contact slopes back to the eastward, through the 
Minor tunnel, to the First National; it also slopes to the westward 
through the Brian Born and adjoining tunnels to the G. M. Favorite, 
thus evidencing an anticlinal structure. "Under the White limestone, iu
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the crest of this anticlinal, is a body of fine-grained quartz-porphyry, of 
a light green color, which is exposed in the bed of Iowa Gulch, on the 
Long & Derry grade, and in various shafts south of the Florence mine. 
Across the crest of Printer Boy Hill and the ridge below Long & Derry 
Hill run three apparently vertical dikes, about 50 feet in width, of 
typical Gray porphyry, which cut across the strata and no doubt in­ 
fluence the exceptional concentration of ore in this region.

On the north side of Printer Boy Hill, by the erosion of Upper Cali­ 
fornia Gulch, portions of the Blue and White limestones^ and Parting 
quartzite are exposed. The former is cut in the Lovejoy shaft, which 
passes through it into an underlying bed of porphyry. The Stars and 
Stripes tunnel has disclosed a bed of porphyry, which somewhat resem­ 
bles that found in Iowa Gulch under the White limestone. Opposite 
these, in the bed of California Gulch, is a body of Pyritiferous por­ 
phyry, already mentioned, which seems to be cutting up through the 
White limestone, the latter cropping to the east and above it. On the 
other hand, the overlying White porphyry is found on the north side 
of the gulch in contact with the Parting quartzite, showing that it must 
have cut down through the Blue limestone, a portion of which is found 
at the very head of California Gulch, at the Ohio Bonanza tunnel.

Pilot fault.—The Pilot tunnel, a little below the Ben Franklin, is run 
in on the line of a fault which has been named after it. This fault, 
which crosses the lower end of Printer Boy Hill and joins the Mike 
fault in Iowa Gulch, disappears to the north in the body of Pyritiferous 
porphyry on Breece Hill. By its movement the piece of ground in­ 
cluded between it and the Mike fault has been let down relatively to 
the adjoining masses on either side. In this triangular piece of ground 
are the Printer Boy and Five-Twenty mines, which are in a body of 
porphyry resembling, though not identical with, the Gray porphyry. 
Their ore, which is mainly free gold, though in depth associated with 
some galena and pyrites, is deposited in the porphyry along a vertical 
plane which is probably either a natural cleavage plane in the por­ 
phyry or that of a minor fault.

The surface of Breece Hill in this zone, between California and Stray 
Horse Gulches, is entirely covered with Pyritiferous porphyry, along 
the western edges of which, at Oro City and from there to the Park 
mine in Adelaide Park, can be seen the underlying White porphyry. 
On the north the Breece fault cuts off the Pyritiferous porphyry, so 
that its exact relations to the Gray porphyry which forms the surface 
of Breece Hill beyond, cannot be definitely determined. The Mite 
shaft, from which the Mike fault receives its name, is sunk in the White 
porphyry on the fault line. The fault seems to end at the Breece fault, 
the most northerly evidence of its displacement being the east and west 
shafts of the Park mine, which have each struck the contact.

The Breece fault, passing through the Eureka and Silver Cloud shafts 
at the head of Adelaide Park, then bending around a little south of the
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Breece Iron mine, takes a course due east, joining the Weston fault on 
the crest of the ridge of ISTorth Brccce Hill. Its upthrow, which is to 
the north, has apparently a maximum at its eastern end, where it reaches 
about 500 feet; whereas at its western end it has White prophyry at 
either side, and its exact position and amount of displacement are not 
determined. So far as known, no shaft has yet reached the Blue 
limestone under the Pyritiferous porphyry; and the only ones which 
have penetrated to the underlying Gray porphyry are the Lady Jane 
and the Cumberland, a short distance south of the fault line, in the 
latter of which the Pyritiferous porphyry is 450 feet thick.

The Breece Iron mine, which is situated on the western slope of 
Breece Hill overlooking Adelaide Park, has a remarkable deposit 
of red hematite mixed with magnetite, which occurs at the contact of 
the main sheets of White and Gray porphyries. Its ore is found at the 
surface in two bodies, having a maximum thickness of nearly thirty 
feet each, the lower of which is underlaid by White porphyry; while 
between it and the upper body, which is apparently an offshoot from 
the main body, is a sheet of decomposed porphyry, which lias certain 
resemblances both to the Pyritiferous and the Gray porphyry. This 
deposit is apparently due to the oxidation of a mass of iron pyrites, 
which were brought to their present position in solution in a similar 
manner to the other ore deposits of the region. Indications of iron 
are found along the contact line between the White and Gray porphyries 
to the eastward, but as yet no considerable bodies of iron have been 
developed. West of the Breece mine the Superior and Mountain Boy, 
on the ridge connecting Breece and Yankee Hills, have also struck 
a considerable body of iron between the Gray and White porphyries. 
This may be a continuation of the Breece iron body, the intermediate 
portion having been removed by the erosion of the head of Stray 
Horse Gulch, which has brought to the surface the White porphyry 
underlying the Gray. On the other hand, while the Breece iron is 
an anhydrous red hematite, the material developed in these shafts 
consists of brown hematite and bluish-gray chert, the usual replace­ 
ment material of sedimentary beds. Moreover in the neighboring shaft 
of the Theresa mine, shales, belonging to the Weber series, have been 
found in the same relative position, for which reason the outcrop is 
indicated on the map by the color of that formation.

WEST OF MIKE AND WESTON FAULTS.

The line of Mike fault, if continued northward, would pass through an 
anticlinal fold whose crest reaches from the north slope of Yankee Hill 
to the southwest foot of Canterbury Hill, just below the forks of Little 
Evans Gulch. To this line converges also the northern end of the Iron 
fault, whose throw becomes null at the crest of the fold. The simplest
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expression of the structure of the region between Fryer Hill and the 
Wcston fault, north of Stray Horse Gulch, is that of a synclinal basin 
in Little Stray Horse Park, the eroded crest of an anticlinal at Yankee 
Hill, and a synclinal further eastward, whose rim is partially cut off by 
Weston fault. The intrusive masses of porphyry here associated with 
the regular sedimentary series are, a lower sheet of White porphyry be­ 
tween the White limestone and Parting quartzite, an upper sheet of 
White porphyry above the Blue limestone, and the main sheet of Gray 
porphyry over it. This comparatively simple structure, resulting from 
folding alone, which obtains along the line of Big Evans Gulch on the 
north slope of Yankee Hill, is complicated on the south, first by the 
displacement of the Iron fault, which cuts diagonally into the crest of 
the fold crossing Stray Horse Gulch west of the Argentine tunnel, be­ 
tween the Double Decker and Highland Mary shafts, the east and west 
shafts of the Hard Gash mine, and through the eastern end of the 
Chieftain tunnel; second, by the movement of the Adelaide cross-fault, 
which exteuds from the Iron fault opposite the mouth of the Argentine 
tunnel, just west of the Laura Lynn shaft, to the saddle between 
Adelaide Park and the head of Nugget Gulch ; and third, by the intru­ 
sion of several irregular masses of Gray porphyry.

The synclinal east of Yankee Hill.—The outcrop of the Blue limestone 
on the western rim of this basin occurs just east of the crest of 
Yankee Hill, where, in the Clara Dell, Greenwood, and Little Cham­ 
pion shafts, it is found to be replaced by iron vein material; it crosses 
Big Evans Gulch at the mouth of Johnson Gulch, and then bends 
to the westward, having been proved on the north side, in the mo­ 
raine ridge between Big Evans and Little Evans, by a shaft about 
900 feet west of the Abe Lincoln. East of this line the formations 
basin down, being successively covered by the White and Gray por­ 
phyries, which have been penetrated by the Onota, Andy John­ 
son-, and other shafts in Johnson Gulch. The lowest point of the 
basin is probably somewhere near the Independence shaft, where 
the overlying Gray porphyry was found to be 420 feet thick. They 
then rise in a minor fold which brings the contact to within 80 or 90 
feet of the surface at the Great Hope, Bosco, and Across-the-Ocean 
shafts, opposite Evansville. The former of these has penetrated 
the Parting quartzite beneath the Blue limestone, which is here 
found impregnated with gold to such an extent that considerable 
valuable gold ore is said to have been shipped from the mine. Be­ 
yond this ridge, as shown by the depth of the contact at the Nora 
shaft, the beds probably sink to the eastward for a sliort distance be­ 
fore they rise under the influence of the South Evans anticlinal, from 
which they have been cut off by the Weston fault. The evidence af­ 
forded by the few shafts which have penetrated the Blue limestone 
horizon in this region shows a considerable action of replacement, not 
only in those already mentioned, but in others' south of them, ou the
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slope of Breece Hill. The Little Prince, after passing through the over­ 
lying Gray and White porphyry bodies, cuts the entire thickness of the 
Blue limestone to the underlying quartzite and White limestone. Here 
the entire body of Blue limestone was found to be replaced by porous 
granular quartz, in which occur several irregular bodies of galena and 
carbonate of lead. In the Andy Johnson, which also passed through 
the Gray and White porphyries, was found a considerable body of iron 
vein material, whose development was temporarily stopped by the 
great in-rush of water.

The thickness of the White porphyry sheet evidently varies greatly 
within this region, being only 15 or 20 feet in the Great Hope and 
Across-the-Ocean, and wanting entirely in the Bosco and Nora; 
whereas to the westward it is found to be over 100 feet in thickness.

Yankee Hill anticlinal.—The beds below the Blue limestone, exposed on 
the eroded crest of the anticlinal, are shown on the north slope of Yan­ 
kee Hill, in the William-and-Mary tunnel and the Sappho shaft east of 
the axis, and in the J. B. Grant, Dauia, and others west. At the Will­ 
iam-and-Mary tunnel the Parting quartzite is exposed, resting on a por­ 
tion of the White limestone which here lies above the lower sheet of 
White porphyry, while the Sappho shaft has been sunk nearly 300 feet 
in the lower sheet of White porphyry. The Dania, J. B. Grant, and 
other shafts penetrate the White porphyry and strike the underlying 
White limestone. On the western and southern slopes of Yankee Hill, 
east of the Iron fault, are only easterly-dipping beds, owing to the dis­ 
placement of this fault, which has lifted up the beds to the east of it so 
that the Lower quartzite and a portion of the Archcean are exposed. On 
the slopes of Yankee Hill towards Stray Horse Gulch, the Red-headed 
Mary and Woodruff shafts have been sunk through the lower White por­ 
phyry into White limestone; the Holden shaft through White limestone 
into Lower quartzite, the Silver Basin and Double Decker in the Lower 
quartzite and the former into the Archaean. Directly south of the crest of 
Iron Hill extends a body of Gray porphyry, which, at its northern end, 
seems to be more like a dike cutting across the Blue limestone, and at 
its southern end an intrusive sheet between Blue limestone and Gray 
porphyry. It is exposed in the Clara Dell, Eothschild, and Louisville 
shafts; in the Day bore-hole in Adelaide Park, and the Laura Lynn 
shaft on the northeast side of Iron Hill. The occurrence of this body 
and of numerous irregular bodies of the same rock, seen in the Adelaide 
and Argentine mines at different horizons, suggests a probable vent or 
point of eruption from beneath in this vicinity.

Little Stray Horse Park synclinal.—The body of Gray porphyry shown 
on the map between Yankee and Fryer Hills outlines a synclinal basin, 
being the uppermost bed which has escaped erosion by its position 
above the lowest portion of the basin. The Blue limestone, on the east­ 
ern rim of this basin, is found in the Cordelia Edmondson, Kennebec, 
Aztec, Cullen, Chieftain, Scooper, and other mines; and on the west in
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the E. E. Lee, Little Sliver, Bangkok, Tip-Top, Denver City, and others. 
In all these it is more or less replaced by iron veiu material. In the 
middle of the basin, between these sets of shafts, the bottom of the Gray 
porphyry has not yet been reached, it being evidently very deep, and the 
in-rush of water consequent upon the basin structure, so great as to re­ 
tard developments. The beds rise more steeply on the eastern rim, and 
in the Scooper shaft are almost perpendicular, so that the line between 
the Gray porphyry and the vein material underneath has been taken for 
a fault line. This mistake is not unnatural, since slickensides surfaces 
are largely developed, which indicate a movement of the beds on each 
other on this side of the basin, due to their intense compression against 
the adjoining Iron fault. The effects of this compression are well seen 
in the Chieftain tunnel, which has been driven directly to the fault 
plane, passing through a number of irregular folds in the limestone 
and veiu material which has replaced it.

At the southern portion of the synclinal the White porphyry has cut 
down into the Blue limestone, splitting off a portion of the latter from 
the main body. The Highland Mary, in Stray Horse Gulch, and the 
Devlin, on the northwest slope of Iron Hill, have reached the main 
body of Blue limestone below the White porphyry at a comparatively 
shallow depth, showing that it basins up toward the Iron fault. The 
Greenback, Agassiz, Cyclops, Eobert Emmet, and adjoining shafts 
have penetrated a body of iron which is the replacement of the portion 
of Blue limestone split off from the main body by the lower sheet of 
White porphyry, and which reaches the surface in a circular outcrop, 
partly concealed on the map by the Lake beds color. To the north the 
synclinal also basins up in the direction of Little Evans Gulch; the 
Buffalo shaft, which is between it and Big Evans, having been sunk 
about the middle of the basin in the Gray porphyry to a depth of 
450 feet. The line of the western rim of the basin is irregular, owing 
to a minor anticlinal, which forms the continuation of the Carbonate 
fault on the upper portion of Fryer Hill, and will be described inore in 
detail in the chapter devoted to that region.

NORTH OF EVANS GULCH.

On the western slopes of Prospect Mountain, to the north of Big 
Evans, are two anticlinal folds, which, for convenience of description, 
will be designated by their culminating points : the Little Evans anti­ 
clinal and the Big Evans anticlinal.

The apex of the Little Hvans anticlinal is just below the forks of Lit­ 
tle Evans Gulch, at the south foot of Canterbury Hill. It is formed 
by the junction of two anticlinal axes, the one running scuth in the- 
direction of a small outcrop of White porphyry, where the Powhaltan
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and Pocahontas shafts have passed directly through this rock to tlio 
Blue limestone, the overlying Gray porphyry having been eroded off; 
the other being the northwestern extension of the Yankee Hill an­ 
ticlinal. The lowest horizons on the crest of the anticlinal have been 
proved in the Lucknow shaft, which was sunk in the Lower quartzite, 
the Little Clara, which passed through the White limestone into the 
Lower quartzite, and the Norcom, which is in the White limestone. On 
the north the Little Blonde and the Princeton disclosed two bodies of 
black chert replacing theBlue limestone and dipping steeply to the north. 
Directly west of these is a narrow synclinal basin, succeeded by another 
anticlinal, which is indicated on the map by a tongue of White porphyry 
extending into the Gray; and near the summit of Canterbury Hill is a 
second synclinal. lEast of the Little Evans anticlinal a body of Gray 
porphyry is intruded into the Blue limestone. Along the anticlinal ridge, 
extending in this direction, the following shafts have entered the Blue 
limestone: The Copenhagen, Carbonate King, Providence, Hancock, 
Little Cash, and Carbonate No. 2, the latter having passed through the 
intrusive mass of Gray porphyry. The Lac La Belle was sunk in the 
Blue limestone on the northwest slope of the anticlinal.

The Big Evans anticlinal.—In the region near the mouth of Big Evans 
Gulch the accumulation of moraine material is so great that but few 
shafts have as yet penetrated to any depth in the underlying rock. The 
location of the anticlinal ridge indicated on the map is therefore deter 
miuedby comparatively meager data. Its axis runs, probably, in a north- 
and south direction under the dimming & Finn smelter. The Lower 
quartzite has been proved on its south side by the Lida shaft, and on 
the north by the Third Term bore-hole, each of which has disclosed 
a body of White porphyry within the quartzite. On the western side of 
this anticlinal the Oolite shaft has passed through the overlying White 
and Gray porphyries to the Blue limestone, obtaining characteristic 
fossils. The Mystic and Sequa were, at last accounts, still in the Gray 
porphyry, and, so far as known, no other shafts in this region have 
reached a lower geological horizon. The ̂ existence of a synclinal is, 
however, amply proved by the western dip disclosed by the above 
shafts, and the fact that the western rim of the basin has been found, as 
already shown, in the croppings of Lower quartzite at the mouth of the 
East Fork of the Arkansas.

The most important developments of ore bodies have been made in 
the mines of Iron, Carbonate, and Fryer Hills; these in the final 
publication will be illustrated by special maps drawn on a large scale, 
and showing not only surface geology but underground workings and 
the distribution of the ore bodies. The substance of the chapters to be 
devoted to these groups of mines will be next given in as much detail 
as can be hoped to be intelligible without the aid of maps.
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QUATERNARY FORMATIONS.

Wash.—As already stated, the moraines, and their rearranged ma­ 
terial the "Wash," have not been designated by a special color on 
the surface maps, as it would hide too large a proportion of the out­ 
lines of the underlying rocks, which the numerous shafts have fur­ 
nished data to lay down with exceptional accuracy. In the detailed 
map of Leadville, of the final publication, the Lake beds will also be 
omitted, in order to show the probable outlines of the rock forma­ 
tions under them, which, though determined with a much less degree of 
accuracy than on the other portions of the map, may yet be of use to the 
miner in directing his explorations. The position of the principal ac­ 
tual moraine ridges already mentioned, on the north bank of Big Evans, 
and on cither side of Iowa Creek, can be easily recognized by a trained 
eye in the shape given them by the contours. On the ground itself 
they are much more readily traced by one at all familiar with glacial 
topography, both by their position relative to the former course of 
the glacier, and by the little depressions without outlet, often filled 
by small ponds, which constitute a characteristic feature of moraine 
topography.

Lake beds.—The superficial evidence of the existence of Lake beds, 
where not shown by actual outcrops, is found only in the shape of the 
flat-topped, gently-sloping ridges which form the lower ends of the spurs 
adjoining the Arkansas Yalley. Their existence high up on the spurs, 
reaching, as shown on the map, the 11,000 feet contour, is only proved by 
underground explorations, and in these they are often not easily recog­ 
nizable, especially when, as is frequently the case, they closely resemble 
decomposed granite. In such cases the only infallible test is the existence 
of well-defined bedding planes. In general, however, they consist of an 
earthy marl, or a coarse conglomerate cemented by carbonate of lime, the 
"cement" of the miners. The marls are found in Graham Park in the 
City of Paris, Greenback, E. A. M., and other shafts. On the ridge be­ 
tween California and Iowa Gulches the Coon Valley shaft, opposite Gra­ 
ham Park, found the contact after going through over 500 feet of Wash 
and Lake beds, and in the Upper Printer Boy the earlier workings, follow­ 
ing the vein southward or into the hill, are said to have reached a line of 
gravel deposits, which from description would appear to be a shore line 
of Lake bed deposits. Lake beds were found south of Iowa Gulch, in the 
Continental shaft on the moraine ridge just below the western angle of 
the Long & Deny grade, and also in shafts on the south side of the 
ridge overlooking Empire Gulch. In Leadville itself the Bob Ingersoll 
shaft and drill-hole on the moraine ridge in Ninth street found Lake 
beds between Wash aiid White porphyry. Other shafts lower down, or 
further west than this, have been sunk in the Wash and Lake beds, but 
at time of writing none had yet reached solid rock.



CHAPTER VII.
IKON HIJjL MINES.

General structure. — Of the three principal groups of mines those of 
Iron Hill piesent the simplest type, both in geological structure and in 
the character of their ore deposits. It is that of a block of easterly- 
dipping beds, capped by porphyry, with a fault on its western side, by 
whose displacement these beds have been lifted over a thousand feet 
above their western continuation, and in which the ore deposition has 
taken place on the surface of the upper limestone bed, at its contact 
with the overlying porphyry. This simple type obtains only on the 
southeru end of Iron Hill, and even then only in a somewhat modi­ 
fied form, the northern presenting, as will be seen later, the extreme of 
complication.

The southern face of the hill has, by the erosion of the deep V-shaped 
valley of California Gulch, been left so steep that its surface is but thinly 
covered by detrital material, and east of the Iron fault, which is marked 
by slight depression, the outcrops of the succeeding beds can be readily 
traced up its slopes from the Lower quartzite, immediately overlying the 
granite, to the main sheet of White porphyry, which forms its summit. 
Besides this normal series of beds are two intruded masses of porphyry 
of later age, and allied to, though not absolutely identical with, the Gray 
porphyry. One occurs near the base of the Blue limestone, and has its 
greatest thickness at the fault line, thinning out to the eastward, and 
disappearing midway between it and the point where the Blue limestone 
reaches the bed of the gulch. The other has its greatest thickness at 
this point, where it cuts across the upper portion of the Blue limestone 
at so small an angle with its stratification planes that it forms the con­ 
tact between it and the White porphyry for some distance up the slope 
on either side, and then passes up into the White porphyry, also gradu­ 
ally thinning out and disappearing.

The average strike of the formation in this vicinity is a little west of 
north, and the beds dip to the eastward at an angle of about 12° at the 
outcrop, which shallows to 7° and even less under the summit of the 
hill.

Iron fault. — The average direction of the line of the Iron fault is, as 
shown on the map, a little east of north, but its course is very crooked, 
as proved by actual development in shafts and winzes in the Garden 
City, L. M., Lingula, Iron, and Codfish-Ball claims. It has an average 
inclination to the west of 05°, and its movement of displacement, though 
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no shaft has yet reached the Blue limestone to the west of it, is pro­ 
bably more than one thousand feet. Were the Carbonate Hill beds car­ 
ried back at the angle of dip thus far determined it would give a still 
greater thickness of White porphyry above the limestone immediately 
adjoining the fault, but such thickness cannot be calculated on, since 
there are good grounds for assuming that the dip shallows, and even 
that the beds basin up before reaching the fault, as shown in Section E.

Dome Sill.—South of California Gulch the structure is more compli­ 
cated, and the opportunities for accurate study of the rock surface di­ 
minished by great depth of Wash and underlying Lake beds, on the 
ridge which separates it from Iowa Gulch. Its expression will be made 
clearer if the displacement is considered as a downward movement of 
the beds on the west of the fault, instead of an upward movement of 
those on the east, as is actually the case.

The downward movement of the western block has. then, south of 
California Gulch, been distributed between the Iron fault proper, and a 
second fault further east, just below the Bock and Dome mines, which 
is connected with the former by a cross-fault following the bed of 
California Gulch from the Garden City shaft up to within 600 feet 
of the Montgomery quarry. Moreover, between these two faults is a 
third, running from just below the Eobert Emmet tunnel, in the 
gulch, to connect with the Iron fault, and enclosing thus a wedge- 
shaped piece of ground, which has been lifted up and compressed 
into an anticlinal fold. As a result of the upward movement of this 
wedge-shaped piece of ground, Blue limestone is found outcropping on 
the south side of the gulch directly opposite the Lower quartzite on the 
Globe ground, and the Columbia, Ben Burb, and others, have been en­ 
abled to strike the contact comparatively near the surface; on its west 
side the beds dip steeply towards the Iron fault.

It is probable that before reaching Iowa Gulch the Iron fault merges 
into the axis of a synclinal fold, in which case the normal continuation 
of the Iron fault might be considered to be formed by the California 
Gulch and Dome fault, since the latter becomes beyond Iowa Gulch the 
axis of an anticlinal fold, as does the northern extremity of the Iron 
fault. Moreover, evidence of a westerly dip in beds between the Dome 
and Iron faults is found in the relatively greater depth at which the 
Blue limestone was reached in the Coon Valley shaft near the latter than 
in those further east. This region is worthy of being systematically 
prospected, being within the principal ore-bearing area of the district.

Mineral deposits.—As shown by present developments the principal 
deposition of ore has taken place along the contact plane between the 
Blue limestone and overlying White porphyry, and extended to greater 
or less depth into the mass of the limestone; in several instances large 
deposits have been formed within the body of the limestone, being pro­ 
bably on the line of some natural cleavage plane or fissure, which 
caused a deviation of the ore-currents from their normal course.



EMMONS] IRON HILL MINES. 259

Gangue.—The vein material or gangue consists of hydrated 6 tides 
Df iron or manganese, silica, and clay. The iron varies from a hard, 
compact, more or less siliceous, brown hematite to a simple coloring mat­ 
ter of the clay. Manganese is found sometimes in fine needle-like crystals 
of pyrolusite, but mainly occurs in a black clayey mass, known to the 
miners as " black-iron." Silica occurs either as a blue-black chert, or as 
a granular, somewhat porous mass, hardly distinguishable from quartz- 
ite. Clay is found in greatly varying degrees of impurity, from a white 
kaolin down, and is a product of the decomposition of porphyry. It 
occurs either in place or as an infiltrated mass. Besides this should be 
mentioned the "Chinese talc" of the miners, found mainly at the 
actual contact.

Ore.—The ore is principally argentiferous galena and its secondary 
products, viz., carbonate of lead or cerussite, and chloride of silver; as 
accessory minerals, or those of less frequent occurrence, are sulphate 
of lead or anglesite, pyromorphite, minium, zinc blende, and calamine. 
Native sulphur is found in one instance as a result of the decomposi­ 
tion of galena, and native silver, from the reduction of the chloride.

Mine workings.—The principal mine workings may be divided into 
the following groups, commencing at the north: 1st, the main Iron 
mine workings, including the north Bull's-Eye; 2nd, the Silver Wave 
and Silver Cord workings, including south Bull's-Eye; 3rd, Lime and 
Smuggler workings. Beyond California Gulch: 1st, the La Plata work­ 
ings; 2nd, the Rock and Dome workings.

Iron mine.—This group has an area of about 25 acres of under­ 
ground workings, being the most considerable of any single mine in 
the district. They have been driven a distance of over 1,500 feet along 
the contact from the outcrop of the Blue limestone. Here the contact 
has been found productive over an unusually large area, the main ore 
body extending diagonally through the claims in a northeast direction 
from the croppings, with an average width of 200 feet. In this area, 
the ore currents have penetrated irregularly into the body of the lime­ 
stone, and ore bodies of 30 and 40 feet in thickness have been devel­ 
oped. It is found that the limestone, while keeping its general inclina­ 
tion to the eastward, is compressed into lateral folds which have pro­ 
duced a series of troughs and ridges within the mass. The relation of 
the distribution of rich ore bodies to these minor folds is not, however, 
as clear as in the deposits of Carbonate Hill.

In the lower part of the mine, between the sixth and seventh levels, 
is a body of Gray porphyry, cutting up across the strata into the White 
porphyry, which would appear to have influenced a concentration of ore 
on its flanks. The developments here have been pushed already to 
a sufficient depth to show an increase in the proportion of sulphurets 
in the ore and a decrease in the tenor of silver, which would be natu- 

^.rally expected from diminished action of surface waters.
Silver Wave group.—In the Silver Wave group the contact surface has
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been found relatively unproductive, but large amounts of rich ore have 
been found in irregular lenticular bodies, standing nearly vertical, and 
extending downwards 60 to 100 feet from the surface of the limestone. 
That these are along water-channels is proved by the discovery of re­ 
cent caves washed out of the ore bodies themselves, or immediately ad­ 
joining them, which have evidently been formed by the percolation of 
surface waters at a comparatively recent date. The general direction of 
these bodies is also northeast, but on a line convegent with that of the 
main Iron body.

Smuggler and Lime.—On the south end of Iron Hill, adjoining Cali­ 
fornia Gulch, there is evidence of another zone where the limestone 
has been largely replaced by vein material, in which, however, present 
limited developments have disclosed no large bodies of very rich ore.

La Plata.—The La Plata mine has been developed by a tunnel run 
in near the contact, but with a direction a little west of that of the 
strike. As in the Silver Wave, but little rich ore has been found on 
the contact, but large lenticular bodies standing in a nearly vertical 
position have been found within the limestone extending to a depth of 
100 feet below the tunnel level.

The Rock and Dome.—Near the mouth of the Eock tunnel once stood 
a huge outcrop of " hard carbonate " from which came the first silver 
ore that was discovered in the region. The main workings of these two 
mines are in a bonanza which is near the croppings, and which, like 
those on Iron Hill, has a general northeast direction. The ore in this 
body occurs mostly near the contact, extending at places to a consider­ 
able depth into the limestone. It is much more siliceous than that of 
the Iron mine. A second more or less parallel body, on a line with that 
of the La Plata body, may be looked for in the lower working of either 
mine.

Future explorations.—It is difficult to offer suggestions as to manner 
of exploration to those who so well understand the character of their 
deposits as do the managers of mines in this region.

Practical experience has already proved to them that not only should 
the contact be thoroughly explored, but indications of ore bodies ex­ 
tending into the mass of the limestone should be carefully followed. 
They should also look for bodies of porphyry which may cross the forma­ 
tion, either as dikes or irregular sheets, since they are likely to be accom­ 
panied by a concentration of ore at no great distance; the Gray por­ 
phyry forms such bodies more commonly than the White.

It is probably a fruitless task to search for valuable ore deposits 
below the horizon of the Blue limestone, although there is always a re­ 
mote possibility of finding veins in the underlying granite. Ore indica­ 
tions on fault planes are also likely to prove deceptive; the evidence 
afforded by present developments goes to show that, while small frag­ 
ments of ore are found which have probably fallen into the fissure, and 
a certain amount of secondary deposition from waters which have passed
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over the original deposits has taken place there, the ore to be obtained 
from them will at the best no more than pay the expenses of exploration.

To the west of the fault line, however, the contact undoubtedly exists 
below the porphyry and probably contains valuable bodies of ore, which, 
however, as present experience abundantly shows, are not continuous 
over the whole surface. In locating a shaft for such exploration the 
probable continuation of already existing bodies should be carefully 
calculated, taking into consideration the apparent lateral movement 
that would be caused by the fault-displacement. Directly opposite the 
Iron mine it may be calculated that at least a thousand feet of unpro­ 
ductive rock will have to be passed through; this thickness is probably 
less as one goes south, and the least depth will probably be found on 
Dome Hill, or beyond in Iowa Gulch, with the disadvantage in going 
south that the center of ore developments as at present known is fur­ 
ther removed.

North Iron Hill.—Explorations in the Adelaide-Argentine group of 
mines on the northern end of Iron Hill overlooking Stray Horse Gulch, 
have developed a geological structure of such intricate and complicated 
nature, that the aid of the map and sections to be included in the atlas 
of the memoir is essential for its elucidation. Only a brief sketch of its 
main outlines, therefore, will here be presented. Along a line running 
southeast from Fryer Hill toward Mount Sheridan, as shown in the 
general description, the sheet of White porphyry cuts across the Blue 
limestone, or splits into two bodies, there being on the northeast of this 
line one body of White porphyry above the Blue limestone, and one be­ 
low, between it and the White limestone. On Iron Hill this cutting 
across occurs in the region under description, in which, moreover, two 
minor sheets of White porphyry were forced in, the one in the middle of 
the Parting quartzite, the other in the body of the White limestone near 
its base; furthermore, two bodies of Gray porphyry were afterwards 
introduced, the main one into the mass of the White limestone above 
the lower sheet of White porphyry, and a smaller one above the Parting 
quartzite, between it and the offshoot from the main general sheet of 
White porphyry. In the movements of folding and displacement these 
beds were lifted by a fold and cut off by the Adelaide cross-fault, which 
runs diagonally from the Iron to the Mike fault. The whole upper part 
of the fold was then planed off by erosion, which entirely removed the 
portion of Blue limestone above the cross-cutting mass of White por­ 
phyry. During the period of ore deposition the currents followed the 
under surface of the porphyry body, and in these mines the main de­ 
posit of pay-ore has consequently been found at its contact with the 
Parting quartzite, although some replacement probably took place also 
along the basset edges of the Blue limestone. In the Argentine tunnel, 
which is driven in a direction nearly at right angles to the strike, the 
beds are found with a dip at first of 25° southeast, which shallows as
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one proceeds. One crosses in succession from, the mouth inwards, or 
ascending in the geological scale ;

1. Lower White porphyry.
2. White limestone.
3. Offshoot from Gray porphyry body.
4. White limestone.
5. Main Gray porphyry body.
6. White limestone.
7. Offshoot from Gray porphyry body.
8. White limestone.
9. Parting quartzite.

10. White porphyry.
11. Parting quartzite.
12. Ore horizon.
13. Blue limestone.
14. White porphyry (overlying).
The supposed contact of White porphyry over the basset edges of the 

Blue limestone is not seen, being above the tunnel level. The actual con­ 
tact between the upper surface of the Blue li mestone and White porphyry 
is barren in the tunnel, but has produced ore in the Hynes shaft on the 
Camp Bird claim to the south. The main ore body extends above the 
tunnel level, on the surface of the Parting quartzite, westward into the 
Camp Bird claim, and east and south on the dip into the Adelaide claim. 
Small bodies of carbonate of lead were also found in the Adelaide 
ground, at the contact of a small body of Gray porphyry which does 
not cross the tunnel, and the main White porphyry. Moreover, besides 
the surface of the Parting quartzite, replacement is found to have gone 
on to a considerable extent in the White limestone also, without, how­ 
ever, developing much rich ore. In the Discovery tunnel of the Ade­ 
laide, on Stray Horse Gulchra small body of Blue dolomite was found 
immediately over the Parting quartzite, which is apparently a portion 
of the Blue limestone which had not been separated from the overlying 
rocks by the cross-cutting White porphyry. In such a complication 
of intrusive bodies the only maxim for the miner is, to follow all pro­ 
ductive contacts so long as there are signs of ore or vein material.



CHAPTER VIII.
CARBONATE HILL MIKES.

Geiiera, structure.—The geological structure of Carbonate Hill is very 
similar to that of Iron Hill, in that it is formed by a series of easterly- 
dipping beds, broken on the west by a line of fault or displacement. 
Outcrops are also exposed on its southern face by the erosion of Cali­ 
fornia Gulch, but in a less complete series owing to its being shallower 
and proportionately wider, in consequence of which its bounding slopes, 
being less steep, are more thickly covered by surface d6lris. The fault 
is nearly parallel to that of Iron Hill, and, like it, merges into the axis 
of an anticlinal fold on the north. In the southern half of the hill, 
however, the movement of displacement is distributed in part to a 
second nearly parallel fault, a short distance to the west. Of the south­ 
ern continuation of these faults less satisfactory data are available, but 
they are supposed to merge together before crossing California Gulch, 
and probably pass into an anticlinal fold under the Lake beds to the 
southwest like the Dome fault, the normal continuation of the Iron fault. 
As on Iron Hill, also, there is evidence of a basining up, as they ap­ 
proach the fault, of the beds of the relatively downthrown mass on the 
west ; in other words, of a synclinal structure. Upon this evidence, 
which will be given later in full, depends the solution of the important 
question whether ore bodies exist under the present site of Leadville 
or not.

Formations.—The series of beds of which it is composed is essentially 
the same as that given in the Iron Hill section, but the distribution of 
the later intrusions of Gray or Mottled porphyry differs somewhat in 
detail. Where these cross the beds, either as dikes or sheets, there is 
a noticeable enrichment of the ore bodies. One main sheet of Gray por­ 
phyry is found at or near the base of the Blue limestone, which appar­ 
ently cuts up to a higher horizon in different portions of the hill. A 
second sheet is found in the White limestone in California Gulch, as 
shown on the map; but, as none of the underground workings have pen­ 
etrated as yet to this depth, there is no evidence to show whether this 
is a distinct sheet or merely an offshoot from the main body.

Vein material.—The materials composing the ore deposits of Carbon­ 
ate Hill are essentially the same as those of Iron Hill; they may per­ 
haps be said to be less rich in bases of iron and manganese, and pro­ 
portionately more in silica, therefore less favorable for the smelter, but 
this characteristic is rather one to be confined to individual mines, or
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parts of a mine, than applied in such a general way. Silica occurs less 
frequently as chert and more commonly as a very finely granular and 
somewhat porous quartz rock, than on either Iron or Fryer Hills. The 
ore is either galena or its secondary products, carbonate of lead and 
chloride of silver. In one instance native silver has been found. Ex­ 
ceptionally good opportunities are offered for observing the action of 
replacement, and the gradual passage from dolomite into earthy oxides 
of iron and man ganese. The workings not yet having reached the great 
distance from the surface that they have on Iron Hill, no such definite 
evidence is found of decrease in the action of surface waters, producing 
oxidation and chlorination of the original deposits. The limit of the zone 
of oxidation would moreover be expected to be further from the surface, 
on account of its lower altitude.

Mine workings.—The underground workings of Carbonate Hill may, 
for convenience of description, be divided into three groups. 1st. A 
southern, including the Carbonate, Little Giant, and Yankee Doodle 
claims to the east of the main fault, and the Mtna, and Glass-Pendery 
claims below or to the west of it. 2nd. A central group, including the 
Crescent, Catalpa, and Evening Star claims east of the fault,' and the 
minor workings of the Lower Crescent, Catalpa No. 2, Lower Evening 
Star, Niles & Augusta, and Wild Cat west of it. 3rd. A northern 
group, consisting of the Morning Star, Waterloo, Henriette, Maid of 
Erin, and other claims above the fault line, and the Forsaken, Halfway 
House, «md Lower Henriette below it.

Carbonate group.—In this group of claims, the principal developments 
have been made on what is practically one main body, running in a 
northeasterly direction from the outcrop in the Carbonate claim. A 
noticeable feature of the structure is a prominent fold in the limestone, 
which bends down sharply to the east, and rising again forms a narrow 
trough. This is best seen in the main Carbonate incline at about 350 
feet from its mouth, and can be traced through the adjoining Little 
Giant and Yankee Doodle claims, running parallel to the ore body, 
of which its crest forms the southeastern limit. Approximately paral. 
lei to this, several minor folds or plications can be seen in the Carbonate 
workings. The ore body is narrower in the Yankee Doodle and Little 
Giant claims, but widens out as it approaches the surface in the Car­ 
bonate ground, having barren streaks corresponding to the minor folds 
mentioned. From the actual cropping of the southeastern portion of 
this body was taken the first ore discovered on Carbonate Hill. The 
region to the southeast of the fold has thus far proved barren of rich 
ore, but the explorations are hardly sufficient to warrant the conclusion 
that another bonanza does not exist in that direction. The influence 
of the fold as determining the deposition of ore may be ascribed to 
the compression of the beds produced by it, and the consequent partial 
arresting of ore currents, giving them time to deposit their metallic 
contents.
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Carbonate fault.—The Carbonate fault runs nearly on the dividing 
line of the Carbonate and j33tna claims, cutting across the extreme 
southwest edge of the former and the northeast corner of the latter. It 
is well shown by a shaft sunk on this claim which has followed its plane; 
as thus developed, it stands with an inclination of about 60° west, shal­ 
lowing somewhat in depth, and having a movement of displacement of 
only about 250 feet. Within the opening -were found some fragments 
of ore, and the fault material was slightly impregnated with chloride of 
silver. The slickensides surfaces are smooth and clearly denned, and 
the beds on either side have the same angle and direction of dip.

In the JStna and Glass-Pendery claims the contact has thus far 
proved practically barren, the principal ore extracted having been ob­ 
tained from lenticular bodies within the limestone, lying mostly within 
the former claim. Judging from the few points at which its level has 
been determined, the general surface of the limestone would appear to 
slope westward, although, as before stated, at the actual fault line it 
dips east.

Pendery fault.—A short distance west of the Glass shaft a second 
fault, apparently nearly parallel and having the same angle of inclina­ 
tion with the Carbonate fault, cuts off the limestone, no explorations 
•west of this line having reached below the White porphyry. It is to be 
regretted that the persistent refusal of the owners of the Glass-Pen- 
dery to permit an examination of their mine renders the data with re­ 
gard to this fault, which has such an important bearing upon future ex­ 
plorations, less full than could have been desired. Its probable con­ 
tinuation has been traced, however, southward to a connection with 
the Carbonate fault, and northward through the Washburne and Saint 
Mary workings, where it appears to be a combination of minor folds 
and faults, and into a probable anticlinal fold north of the Niles & 
Augusta, and west of the Halfway House.

Evening Star group.—In. the second group of mines the workings 
above the fault have developed a second -bonanza or ore body, nearly 
parallel to the one already mentioned, and separated from it by a com­ 
paratively barren belt of ground. In the Crescent claim it is rather thin 
and spread out somewhat irregularly, but concentrates and becomes 
deeper in the Catalpa, reaching its maximum, both of breadth and thick­ 
ness, in the Evening Star claim. In the upper portion of the latter the 
entire body of limestone has been replaced by vein material,' a remark­ 
ably large proportion of which is pay ore; but to the eastward the ore 
currents have penetrated to less depth, and in the lower workings un- 
replaced dolomite is found, at times only separated from the overlying 
porphyry by a fewinches of clay and " Chinese talc." The actual south­ 
eastern limit of the bonanza has not yet been reached, however, and 
present explorations, extensive though they are, cover such a compara­ 
tively small proportion of the possible area of ore bodies, and afford such 
meager data for generalizations, that it is with extreme reluctance that 
I speak of even possibly barren ground.
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A fact worthy of mention here is the occurrence of a narrow dike of 
Gray porphyry, standing nearly vertical, and having a northeasterly 
direction, cutting across the ore horizon at the western edge of the bo­ 
nanza. This may be an offshoot from the heavy sheet of Gray porphyry 
which has been proved by the lower workings of the mine to underlie the 
main ore body, and has probably influenced the great concentration of 
ore in this mine. t A second fact worthy of note is the occurrence of ore 
in the White porphyry near the main shaft of the Evening Star mine. 
Such instances of the divergence of ore-currents into the mass of the 
overlying porphyry are extremely rare. In this case the deposit con­ 
sists largely of pyromorphite and carbonate of lead, with a little sul­ 
phide, and forms the binding material of small angular blocks of por­ 
phyry. It is therefore in part certainly, and possibly altogether, of 
secondary origin.

The ground west of the main or Carbonate fault in this central group 
has been comparatively little explored, as no considerable ore bodies 
have yet been developed in it. The fault itself has nowhere been cut 
by underground working, and its existence is only proved inferentially, 
both here and on the more northern portion of the hill, by the relative 
difference of level .of the contact above and below its assumed line. 
Its displacement in the Crescent ground, where the workings on either 
side most nearly approach each other, viz., those of the Crescent in­ 
cline and the Lower Crescent shaft, is not more than 170 feet. In the 
Catalpa pay ore is found to extend nearly to the surface above the fault 
line; its existence below has, however, not yet been thoroughly tested. 
In the Evening Star the new JSTo. 5 shaft has been sunk through a body 
of iron into a remnant of unreplaced dolomite, and is probably in the 
lower half of the Blue limestone or ore-bearing horizon. The lower 
Evening Star shaft is said to have developed a small body of ore, which 
would not be more than 100 feet below the bottom of the former, but in 

. calculating the amount of displacement it must be borne in mind that in 
one ease the ore is near the bottom, in the other probably at the top of 
the Blue limestone horizon. In the JSTiles & Augusta ground, immedi­ 
ately adjoining the Evening Star on the west, there is evidence of a 
westerly dip in the formation, so that between the two would be the crest 
of the anticlinal fold into which the Pendery fault is supposed to merge.

Morning Star group.—The continuation of the Evening Star bonanza 
has been traced in a northeasterly direction through the upper work­ 
ings of the Morning Star mine, but too little systematic exploration 
has been done to give a satisfactory idea of its outlines or limits. It 
apparently decreases in thickness, and the acid character of its gangue, 
which is a porous granular quartz containing very little or no iron, is 
very noticeable. Ore has been found on the same line in the workings of 
the upper Henriette claim, but the adjoining portions of the Waterloo 
and Henriette between this and the fault, in which ore bodies may be rea­ 
sonably looked for, are as yet practically untouched. Ore has also been
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found on the dip in the Big Chief, indicating a possible widening out 
of the ore body in that direction. In the lower Morning Star, l.-pt still 
above the line of the fault, is a singular combination of fault and fold, 
by which the ground opened by the lower shaft has been lifted up, 
relatively to that nearer the mam shaft. There is here also a body of 
Gray porphyry, which is probably an offshoot from the lower main 
sheet of Gray porphyry cutting up across the strata. The descent of 
the strata to the east of this fanlt is evidently comparable to that in 
the sharp folds noticed in the Carbonate and Crescent inclines, and the 
actual faulting movement, so far as could be observed, was very slight. 
As m these, also, the ground for a certain distance beyond is compara­ 
tively barren.

Below the line of the main fault, whose existence here, as already 
stated, is only proved inferentially, important ore bodies have been 
developed, and the probable structure as revealed by their explora­ 
tion is so complicated that its explanation is difficult without the aid 
of the sections which will accompany the final publication. The Car­ 
bonate fanlt is supposed to pass between the Lower Morning Star 
and Waterloo shafts, and extend northeasterly • across Stray Horse 
Gulch (there being evidence of a slight displacement in the ridge be­ 
yond) in the direction of Upper Fryer Hill, where, in the Dunkin ground, 
it has passed into a flat anticlinal fold. To the northwest of this line 
is a flat synclinal fold, which would be a continuation ot the synclinal of 
Fryer Hill. In the ground of the Forsaken, Half-way House, and Lower 
Henriette, where are at present the principal ore developments, a 
body of Gray porphyry has cut up across the Blue limestone into the 
overlying White porphyry, and on either side of this body the dolomite 
has been replaced by vein material rich in iron, and often carrying pay 
ore. The edges of the strata, which rise from the bottom of the syn­ 
clinal toward the fault line, have been planed off by erosion, the over­ 
lying White porphyry being left only in the trough of the synclinal. 
The Lower Henriette and Half-way House shafts, then, have been sunk 
through a portion of this remaining White porphyry to contact, and 
their workings have followed an ore body on an eastern dip, over which 
lies, not the White porphyry, but the cross-cutting Gray porphyry. The 
new shafts sunk to the eastward, to meet these workings m depth, have 
passed first through an iron body, the replacement of the dolomite ad­ 
joining the Gray porphyry on the east, and through this Gray porphyry 
to the productive contact, now below, formerly on the west side of this 
sheet. This explanation is founded mainly on analogy drawn from ob­ 
servations in other parts of the district, since, at the time of visit, no 
body of unreplaced dolomite had yet been penetrated, from which the 
dip of the bedding planes could be actually determined. The Jolly shaft, 
below the Half-way House, finds ore at a lower horizon, and passes 
through a much greater depth of Wash. This greater depth of Wash 
denotes the edge of a former shore-line, which may be traced southward
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along the western flank of the hill, through the Forsaken, Niles & Au­ 
gusta, Lower Crescent, Pendery, and Glass shafts. Above this line there 
is no accumulation of Wash, the rock surface being only covered by an­ 
gular de'bris resulting from the disintegration of the rocks forming the 
actual surface above, and locally known as " slide." Wash, on the other 
hand, as already stated, consists of rounded fragments of rocks, a large 
proportion of which must have come from considerably greater eleva - 
tions on the range, and have been brought down by glaciers.



CHAPTEE IX.
FRYER HILL MINES.

General structure.—The geological structure of Fryer Hill has always 
seemed a puzzle to Leadville miners, and with good reason, since the 
Blue limestone has here been almost entirely replaced by vein material, 
the only relics remaining, besides two considerable masses of unreplaced 
dolomite, being occasional blocks or boulders, and small irregular bodies 
of dolornitic sand scattered through the ore bodies. Moreover, the 
White porphyry, instead of confining itself to the horizon above the Blue 
limestone, as on Iron and Carbonate hills, has formed a second distinct 
body between this and the underlying White limestone, and forced itself 
into the mass of the Blue limestone^splitting it into two and sometimes 
three sheets, which, being replaced, form as many different bodies of iron 
or vein material. In addition to these are irregular bodies of Gray 
porphyry, evidently of later eruption, which have been intruded in dif­ 
ferent places, and an interrupted dike which traverses the whole hill in 
a direction East 18° South.

Nevertheless, the structure and manner of ore deposition are here 
strictly analogous to those already described for Iron and Carbonate 
Hills, with the difference that the folding of the beds has been more 
complicated, the intrusion of porphyry bodies more extensive, and the 
replacement of limestone by vein material and ore more complete.

It would be impracticable to explain this structure in detail or give 
minutely the numerous and decisive facts which prove it, without the 
detailed map, which will be published with the final memoir. On the 
reduced scale which it was necessary to use for the map of this abstract, 
Fryer Hill is so small that it is indistinguishable to the eye not already 
familiar with its topography. Its extreme height is only two hundred 
feet, aud were it not that the richest and hitherto most productive ore 
deposits of Leadville had been developed here, it would probably not 
have received any distinctive name.

The simplest expression of the structure is that of two parallel folds, 
the one a synclinal, the'other an anticlinal, whose axes have a north­ 
east and southwest direction. All the beds which are included in this 
folding partake also of the prevailing northeast dip of the region. 
When, therefore, the upper portion of the beds thus folded was planed 
off, as it was in Glacial times by the great glacier which flowed down 
Big Evans Gulch, the resulting outcrops, as shown on the map, have 
an S-curve, if one looks in a southeast direction, or at right angles 
to the direction of the axes of the folds. The apex of the upper
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re-entering curve of the S indicates the axis of the anticlinal fold, 
•which, as has been already stated, is a continuation of the line of the 
main Carbonate fault, now become a fold, while the convex lower curve 
is the outcrop of the flat synclinal. lu actual fact this simple structure 
is complicated "by minor irregularities within the folds, so that the dip 
at any particular point may not always be found to liave its normal 
direction.

Mine workings.—The general disposition of the principal mines, or 
rectangular blocks of ground which represent their claims, which is fa­ 
miliar to many from maps already published, is, proceeding east ward or 
up the ridge from its western edge, first, the various claims of the Chrys­ 
olite Company, and the New Discovery, then the Little Chief, Little 
Pittsburg, Amie, Climax, Dunkin, Matchless, Big Pittsburg, Hiberuia, 
and E. E. Lee. The claims of the four first mentioned cover the out­ 
crops of the lower portion of the S or synclinal fold, their side lines 
running nearly North and South, or North 10° West, while the triangu­ 
lar wedge of the Dives claim, belonging to the Little Pittsburg, gives to 
the eastern, side line of the latter a northeast direction parallel to the 
anticlinal axis. The Amie claim covers the intermediate arm of the S, 
the Duukin and Climax the re-entering curve or apex of the anti­ 
clinal, and the Matchless, Lee, and Hibernia its rather irregular top.

White porphyry ladies.—Throughout all this area the existence of an 
overlying and underlying body of White porphyry, enclosing the main 
ore horizon, is well proved, the former having been; however, in great 
measure removed by erosion, and, when found above the ore bodies, being 
very much decomposed. Intermediate bodies of White porphyry, split­ 
ting up the ore-bearing bed into several sheets, are also found. The most 
important of those are: 1st. In the western Chrysolite workings ; here a 
second ore horizon has been proved in the west drift from Roberts shaft 
second level, immediately under the Wash at Vulture No. 2 shaft, and 
in a winze sunk a &hort distance south of Vulture No. 1 shaft. In the 
two latter points it was further separated from the mam ore body by a 
sheet of Gray porphyry within the White porphyry. The value and ex­ 
tent of this-lower ore-body still remain to be proved ; it may cover a 
considerable area, but it probably does not extend as far east as the Eob- 
crts shaft. 2nd. In the Amie, and extending somewhat irregularly into 
the Climax and Dunkin ground, are found two lower sheets of vein 
material in the Lower porphyry. The dividing porphyry in all these 
cases belongs probably to the Lower porphyry body rather than the 
Tipper.

White limestone.—The outcrops of the underlying White limestone 
have been proved on the west by Chrysobte No. 6 shaft, and various 
outlying shafts of the Fairview, Kit Carson, and All Eight claims; in 
Little Stray Horse Gulch on the south, by New Discovery No. 5 shaft, 
and those of the Gambetta, Big Pittsburg, Eudora, Little Daisy, and 
others; while the shafts Amie No. 2, Climax No. 5, and Duukin No. 1,
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Lave sunk down to it through the overlying beds; likewise New Discov­ 
ery No. 6, on Stray Horse ridge, which has passed through Gray por­ 
phyry, Lower Blue limestone, and Parting quartzite into the White 
limestone. The coming to the surface of these lower beds proves that 
the overlying ore-horizon has been eroded off, and cannot be looked for 
to the west and south, unless a distinct southwest dip is developed, 
which would bring down the Blue limestone on the other side of a fold 
under fhe Wash and Lake beds which form the present site of Lead- 
ville. The probabilities in iavor of this supposition will be discussed 
elsewhere.

Ore in lower horizons.—The question, whether the White limestone 
and Lower quartzite contain ore deposits of commercial value, is one of 
especial moment to owners of claims in this region, since its affirmative 
answer would greatly enlarge the horizontal as well as vertical extent 
of possibly productive ground. While a priori there seems to be at 
present no valid reason why ore should not have been secreted in the 
White limestone, especially when, as here, it is directly overlain by a 
body of porphyry, the fact that the many points where it has been ex­ 
plored, have, with few unimportant exceptions, disclosed no ore deposits 
of value, renders it safer policy to assume a negative answer and con­ 
fine explorations to the horizon of the Bine limestone, which is proved to 
have been more or less replaced by ore over its entire extent, until 
the labors of those who are leading the forlorn hope of exploring for un­ 
known ore bodies in a vertical direction shall have met with some prac­ 
tical return.

Blue limestone horizon.—The valuable ore deposits of Fryer Hill, thus 
far developed, have been found either at the outcrops or comparatively 
near the surface; that is, with but little or no covering of rock-in-place, the 
maximum thickness of overlying White porphyry remaining being but 
80 feet. The existing surface is formed of Wash which has an average 
depth of 75 to 100 feet, and at no point on the hill is there an actual out­ 
crop of rock-in-place. It is a rather singular fact that the first discovery 
of ore by A. Eische and his partner was made, by pure chance, at the 
point where the- rock-surface and the surface of the Wash most nearly 
approach each other. This was at the No. 1 shaft of the Little Pitts- 
burg claim, where a boss of iron, a portion of an immense iron body 
very rich in silver, projected to within 30 feet of the actual surface of 
the ground.
- The outcrop of the ore-bearing stratum has an average width on the 
surface (meaning always the rock-surface under the Wash, not that of 
the hill) of from 100 to 150 feet. From the point of discovery in the 
Little Pittsburg it extends nearly due west through the Little Chief 
and New Discovery claims, bending to the northward in the latter; 
through the Vulture claim at Sliver No. 2 and Vulture No. 1, and then 
again to the northeast through Carboniferous No. 5, the cropping of 
the lower iron sheet, which is here split off from the main ore body, be­ 
ing found still further west in Vulture No. 2.
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Eastward from the same point it extends through the Amie ground 
a little south of Amie No. 4, where it has not been much explored, to 
Climax No. 4, and then bends to the northeast through the Climax 
claim into the Dunkin. The outcrops thus outlined form a semi-circle, 
convex to the southwest, and a chord drawn through Carboniferous No. 
5 and Amie No. 3 shafts in a southeast direction, would practically de­ 
fine the northern limit of present exploration.

Within this area the ore-bearing material has a maximum thickness 
of about 90 feet, becoming in places extremely thin. Its definite limits, 
however, cannot always be determined; these are defined above by a 
thin bed of quartzite, the base of the Weber shales, and below by the 
Parting quartzite, which is here generally about 10 feet thick. These 
siliceous beds, which would be less changed by the action of mineralizing 
solutions than the included limestone, afford when found a definite hori­ 
zon, but are often not seen, being separated from the ore body by inter­ 
vening masses of porphyry through which developments are not pushed; 
frequently they are merely loose quartz sand, only distinguishable from 
decomposed porphyry by a more gritty feel.

Vein material.—The vein material of this ore body consists mainly of 
a hydrated oxide of iron, in which the iron is frequently replaced by its 
interchangeable base, manganese; with silica, either combined with the 
iron, or as chert; small irregular masses of sulphate of baryta, or 
heavy spar; and a mechanical admixture of clay, resulting from the 
infiltration of decomposed porphyry; with this are unreplaced dolo­ 
mite masses, either in the form of fine blue sand, or as solid blocks of va­ 
rying dimensions. The extreme form of the iron is a hard, compact, 
though generally somewhat cavernous hematite, or, when manganese 
prevails, a soft, black, clayey material, known as " black iron," often 
forming large masses, and generally barren of pay ore.

Ore.—Within this mass, which may be considered as a gangue, the 
pay ore occurs in its original state as argentiferous galena, the second­ 
ary products of which are carbonate of lead and chloride of silver, with 
a varying amount of bromide and iodide; as accessory minerals are an- 
glesite, pyromorphite, and wulfemte. "Hard carbonates "are masses of 
more or less siliceous iron oxide, in which crystals of carbonate of lead 
fill cavities .in the mass, and the chloride of silver occurs generally 
in leaflets of such minute size as not to be visible to the naked eye; 
under this head are also included the masses of unaltered galena, which 
are more likely to have escaped oxidation in a hard, comparatively im­ 
permeable mass. "Sand carbonates'' are portions of the ore mass in 
which silica and iron are not present under conditions favorable to con­ 
solidating it into a compact form, and which consequently crumble into 
sand on removal. As exceptional occurrences are masses of pure, 
transparent horn silver, one of which in the Vulture claim weighed sev­ 
eral hundred pounds.

Distribution of bonanzas.—The distribution of the bodies of pay ore,
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or bonanzas, is extremely irregular, as is their shape and size. Their 
vertical dimensions are often 30 or 40 feet, and have in one instance 
reached 80 feet, but this great thickness seldom extends over any large 
horizontal area, the lower limits of the pay ore streak generally rising 
and falling with great rapidity. In general the form of individual 
bodies is not unlike that of those found within the mass of the limestone 
in other parts of the region. The rich ore masses are more common in 
the upper portion of the ore-bearing stratum. In horizontal distribu­ 
tion the larger bonanzas form two longitudinal bodies, rudely paral­ 
lel with a dike-like mass of Gray porphyry, which has evidently influ­ 
enced their deposition. The northern of those is practically continuous 
from the Climax south-workings to the Chrysolite west-workings; the 
southern extends from Little, Pittsburg through New Discovery and 
Vulture, being connected with the former in the Little Chief ground, 
and again around the west end of the dike, near the outcrop in Vulture 
and Chrysolite.

Gray porphyry dike.—The Gray porphyry dike is a somewhat irregu­ 
lar body about 30 feet in thickness, standing at an average inclination 
of 50° to the north. Its mass is so thoroughly decomposed that it is 
with difficulty distinguished from the White porphyry except where 
the large feldspar crystals still remain. Nevertheless, it has been 
traced continuously through the Chrysolite, Little Chief, Little Pitts- 
burg, and Aime workings, and found again on the same line in the 
Big Pittsburg, Hibernia, and Lee mines. As shown by the outcrops 
on the map, it is what we call an interrupted dike. It is supposed to 
have acted as a dam, causing an interruption of the ore-currents; 
these currents having flowed from the northeast toward the south­ 
west, the stagnation thus produced has influenced a first deposition 
on its northeast flank, leaving a barren portion immediately under its 
southwest side; but through the gaps above mentioned the currents" 
passed slowly depositing as they went, and in the eddy beyond was 
formed a second accumulation of ore.

Dunlin mine.—In the Duukin mine, and the adjoining workings of 
tlic Climax and Matchless, the richest ore masses have been found near 
the outcrops, and in these are the principal developments. In the north 
end of the lower level of the Dunkin, a considerable body of unreplaced 
Blue limestone has been cut, showing the characteristic markings of 
this formation. The southern lower workings in both.Climax and Dun- 
kin are below the ore-horizon. A slight fold at the south end of the 
Dunkin claim brings the iron body down again for a short distance in 
the Little Diamond.

Matchless mine.—The rich ore body developed in this ground adjoining 
the Dunkin has not yet been thoroughly explored, but probably con­ 
nects with the upper part of the Lee body. In the southeast corner of 
the claim, as in the northern edge of the Big Pittsburg and Hibernia 
claims, work is being done upon a western continuation of the remarka- 
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ble ore body of the Lee mine. This is the very lowest portion of the 
ore horizon, the Parting quartzite being found in considerable thickness 
immediately under the ore. As the formation dips a little north of east 
the full thickness of the body is found in the Lee ground; whereas ori 
the bounding line of the Matchless and Big Pittsburg claims, there re­ 
mains only a wedge-shaped remnant of the ore body, included between 
the actual rock surface and the lower bounding plane of the ore horizon, 
which is cut off on the south by the dike.

JB. E. Lee mine.—The Lee ore body is on a direct line with the north­ 
ern body in the mines first described, and like that bounded on the 
south by the Gray porphyry dike; it may therefore be considered an 
eastern continuation of that body, the intermediate portion on the crest 
of the fold having been planed oif by erosion. The eastern and western 
limits of the dike, as shown on the map, are provisory, indicating merely 
the extent to which present drifts have opened it. It still remains to 
be proved by future exploration whether or not the ore sweeps around 
the eastern end of the dike, and another large body exists to the south, 
as in the western group. The existence of such body is rendered prob­ 
able by the discovery in the Surprise and other claims on the south side 
of Little Stray Horse Gulch, of-pay ore near the outcrop, which is, like 
that in the Big Pittsburg, near the base of the ore-bearing stratum. 
Mineralogically, the Lee body differs very essentially from those thus 
far described; its gangue is principally silica and clay, containing only 
sufficient iron to color the mass in places a bright red, and little or no 
manganese. The ore is in the form of chloride of silver and contains 
practically no lead, either in the form of galena or carbonate ; it is also 
exceptionally rich. It is, therefore, a secondary product, being the re- 
deposition and probable concentration of material resulting from the 
decomposition of another ore body, now removed by erosion. As it is 
followed in depth to the east and north, it will probably contain more 
lead and proportionately less silver.

Denver City body.—South of the above claims, the continuation of the 
ore stratum is next proved in Denver City, under a great depth of 
Wash and porphyry, and about GOO feet east of its probable outcrop. 
In this region the lower body of White porphyry is cutting diagonally 
across the ore-bearing stratum, which is now largely unreplaced dolo­ 
mite, and splits it into two wedge-shaped masses, the upper one taper­ 
ing off to the south, the lower one thinning to nothing on the north. 
The northern extremity of the latter is proved in the Stonewall Jack­ 
son, Pearson, Joe Bates, and other shafts; southward it stretches across 
the Stray Horse claim, ori to Carbonate Hill, soon embracing the full 
thickness of the body.

The upper body is proved southward in the Eobert Enunett, Agassiz, 
Goue-abroad, Cyclops, Maliala, and Greenback shafts, in the latter of 
which it has thinned out to seven feet of dolomite, and is separated 
from the rest of the Blue limestone body, which crops on the west face
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of Carbonate Hill, by a probable tliickness of over GOO feet of Wliite 
porphyry.

Future explorations and ore prospects.—Witliiii the actually developed 
area yet unopened ore bodies may still be looked for. Practical ex­ 
perience has already taught miners that no part of the ore-bearing 
stratum can be considered barren until it is proved so by systematic 
exploration. Systematic exploration means a definite system of drifts, 
cross-cuts, and winzes, controlled by accurate surveys in such a manner 
that the mine superintendent may know that no considerable block of 
ground has been left untouched, either by himself or his predecessors. 
The system of burrowing, so much in vogne in the early days of mining 
in this region, is especially reprehensible in such rich ore deposits.

Future explorations in as yet untouched ground must be carried on 
in the direction of the dip, not of individual ore bodies, but of the ore- 
bearing stratum as a whole; that is to the north and east of present 
developments. The whole northern and eastern portions of the hill are 
as yet practically untouched ground, the Virgiuius and Little Sliver 
being the only important shafts which have penetrated the ore-horizon, 
besides the Buckeye, which is on its western outcrop. The reason for 
the non-exploration of this ground lies mainly in the fact that when­ 
ever the ore-bearing stratum has been reached, the volume of water 
pouring in was so great that it could not be controlled by the pumps 
used. The laws of hydrostatic pressure, and the fact that we are here 
on the lower rim of a synclinal basin or trough, across whose edges the 
drainage of both Big and Little Evans runs, amply account for the great 
volume of water found. It cannot be assumed that the ore bodies, as 
at present developed, will necessarily be found to extend continuously, 
or in equal richness to the north and east; indeed, the few develop­ 
ments as yet made have been in comparatively low-grade ore. Still 
the promise of ore is amply sufficient to justify the expenditure of a 
large amount of money in exploration. Under the present conditions 
of ownership of the ground, however, whoever puts in pumping ma­ 
chinery of power sufficient to lower the water-level in his own ground, 
will probably do the same thing for his neighbors. The exploration 
must, therefore, be accomplished by a combination of property owners, 
and the putting down of one or more large union shafts, provided with 
powerful machinery, such as are in use on the Comstock lode, from 
which explorations may be carried out into the grounds of all belong­ 
ing to the combination. These shafts should be located so as to reach 
the ore-bearing stratum as nearly as possible at the lowest point at 
which it is expected to be worked. For definitely determining such 
point, it would be wise to obtain more accurate data than have been 
available in this work, by sinking additional exploring shafts.

Judging from what is now known, a union shaft for the claims on the 
western half of Fryer Hill should be sunk along Big Evans Gulch, at 
the southern extremity of the dividing line between the Little Pittsburg
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and Amie claims; say at the Little Amie shaft. For the eastern por­ 
tion of Fryer Hill and the claims in Little Stray Horse Park, the union 
shaft should be placed near the gulch about midway between the Tip- 
Top shaft and Lickscuindidrix bore-hole.

There will always be the element of uncertainty in regard to the 
complete efficiency of this system of drainage that as yet unknown 
bodies of porphyry may cross the beds in such a way as to interfere 
with the regular circulation of water in the basin; but in spite of this 
uncertainty the experiment should be tried, since portions which were 
thus cut off from the benefits of the common pump might easily be 
connected with it by a drainage level.



CHAPTER X.
CONCLUSIONS.

In the final publication it is intended to present all the facts collected 
during this investigation in such full detail that the reader may be 
enabled to make his own deductions independently as well as to verify 
the conclusions given here. Although these conclusions cannot claim 
the merit of any great scientific originality, since similar opinions have 
already been put forth by investigators in other fields, they have been 
arrived at purely from an impartial study of the peculiar conditions 
of this region without any preconceived theory which might tend un­ 
consciously to give a bias to one's observations.

The most important facts of general bearing are:
I. Sedimentary formations.—That the Paleozoic and Mesozoic beds are 

a littoral deposit around the Sawatch Archsean island, and were conse­ 
quently formed in comparatively shallow waters.

II. Intrusive bodies.—The occurrence, on an enormous scale, of intru­ 
sive bodies of eruptive rock of Secondary or Mesozoic age, and of excep­ 
tionally crystalline structure, which are so regularly interstratified as to 
form an integral part of the sedimentary series, and yet which never 
reached the surface, but were spread out and consolidated before the 
great dynamic movement or mountain-building period at the close of 
the Cretaceous.

III. Ore deposits.—That the original ore deposition took place after 
the intrusion of the eruptive rocks and before the folding and faulting 
occasioned by the great dynamic movement.

IV. Plication and faulting.—That the plication and faulting which 
resulted from this dynamic movement were intimately connected AVith 
each other, the latter being, in most cases, a direct sequence of the 
former, when the limit of flexibility of the plicated masses had been 
reached.

V. Duration of dynamic movement.—That while the close of the Creta­ 
ceous is properly considered the mountain-building period of this region, 
being that in which the greater dynamic movements were initiated and 
their major effects produced, these movements have continued, though on 
a probably much smaller scale, to recent times, as evidenced by the move­ 
ment proved to have taken place in the Lake beds since the Glacial period. 
Evidence, though of less definite character, has also been obtained of 
movement since the opening of the Leadville mines.
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The facts which bear directly upon the ore deposits have a more prac­ 
tical application, and will therefore interest a larger class of readers. 
The main conclusions with regard to their origin and manner of forma­ 
tion have already been given in the chapter on ore deposits, page 224: 
they may be briefly summarized as follows:

VI. Formation of ore deposits.—The minerals contained in the princi­ 
pal ore deposits of the region were derived from circulating waters, 
which in their passage through the various bodies of eruptive rocks 
took up certain metals in solution, and, concentrating along bedding 
planes, by a metarnorpliic or pseudomorphic action of replacement, de­ 
posited these metals as sulphides along the contact or upper surface, 
and to greater or less depth below that surface, of beds generally of 
limestone or dolomite, but sometimes also of siliceous rocks.

VII. Distribution of ore deposits.—That in the region immediately 
about Leadville the principal deposition of silver-bearing minerals took 
place at the horizon of the lowest member of the Carboniferous group, 
the Blue limestone formation, commencing at its contact with the over 
lying White porphyry. But that, while this particular formation has 
been peculiarly susceptible to the action of ore currents in this region, 
it is not admissible to assume, as some have done, that in general the 
beds of any one geological epoch are more favorable than those of any 
other to the formation of this important type of silver-bearing deposits j 
since, although they are generally found in greatest abundance in cal­ 
careous beds of Paleozoic age, the horizon of such beds is by no means 
identical in the various mining districts in which they have been thus 
far developed.

VIII. Dikes.—That in this, as in many other mining districts, dikes 
of eruptive rock, cutting the ore-bearing formation transversely, seem 
to favor the concentration of rich ore bodies or bonanzas in their vicinity.

I.. Faults.—That on fault planes, on the other hand, no considerable 
ore bodies have been deposited, as might have been assumed a priori 
from the fact that their origin is later than that of the original ore 
deposits.
.. Value of these deposits as compared tcith fissure veins.—The supe­ 

rior estimation in which true fissure veins are held, as compared with 
this class of deposits, is, as far as valid scientific reasons go, largely a 
popular prejudice. While fissure-vein deposits may be more regular 
and continuous, the bonanzas in this class are generally larger and more 
easily worked; moreover, I consider that additional and more definite 
evidence is required before it can be assumed as proven that fissure 
veins extend indefinitely in depth and are filled directly from below, 
and consequently see no reason why the area of ore deposition, other 
things being equal, should be greater in that class than in this.

A rough comparison of the relative areas of ore deposition in the 
famous Cornstock lode and in the Blue limestone of Leadville, which was 
once as continuous as the former, will illustrate my idea. The Cornstock
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has been worked on a length of 20,000 feet and to a maximum depth of 
3,000 feet, or over an area of 60,000,000 square feet. In Leadville, if 
•we take, as the limits within which the Blue limestone has been found 
productive, a square of which Fryer Hill, Little Ellen Hill, and Long 
& Derry Hill should be three of the corners, we have an area of over 
225,000,000 square feet, or about four times as great as that of the Corn- 
stock. Too small a portion of the latter area has yet been explored to 
attempt any comparison between the relative proportions of productive 
and unproductive ground in the two cases.

XI. Legal aspect.—From the point of view of legal ownership, how­ 
ever, there is an undoubted advantage in favor of the fissure vein, since 
the owner of a certain number of feet on the outcrop can, under the 
United States mining law, establish his title to that width as tar as the 
vein extends. In the case of the Leadville deposits, on the other hand, 
late legal decisions made under the system of trial by jury have prac­ 
tically reversed the law, and given effect to the system of square loca­ 
tions, which, however much -may be said in its favor, was certainly 
never intended by the legislators who made it.

XII. Practical suggestions to prospectors.—In general, deposits of this 
type are to be looked for in regions where sedimentary beds are found 
associated with numerous dikes and intrusive masses of Mesozoic or 
Secondary age. In such regions valuable deposits would be first sought 
in limestone beds, and in preference on their upper surface, or at the eon- 
tact with overlying eruptive rocks or sedimentary beds of essentially 
different composition. It should also be borne in mind that limestone 
deposits are generally irregular in their distribution, and often found 
within the mass of the rock with relatively few surface indications to 
guide the explorer.

In the region here treated of the Blue limestone is essentially the ore- 
bearing bed, and while, owing to the favoring condition of the presence 
of large masses of intrusive rock impregnated with precious metals, ore 
has locally been concentrated at other horizons, this particular bed offers 
the best promise to the prospector. Experience has shown, moreover, 
that ore deposition has been most active where the Blue limestone is 
overlain by White porphyry. In the area covered by this intrusive mass, 
beyond the limits of the accompanying map, exploration has not yet 
thoroughly tested the horizon; but within these limits it seems to be 
well proved that no considerable portion of it is altogether barren of 
useful metals. On the other hand it must be remembered that it is only 
bonanzas or exceptionally large concentrations of ore which yield a 
great remuneration to miners, and these are, in the nature of things, 
limited to comparatively small areas where conditions have been 
favorable to their concentration. Such portions can here be readily 
recognized by the presence of large amounts of vein material, either 
ferruginous or siliceous, replacing the dolomite. By the aid of the 
accompanying map, and vstill better by the more detailed one which is
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to follow, the prospector can therefore determine with approximate 
accuracy where the Blue limestone horizon has been removed by 
erosion and where- it still exists, and in the latter portions, by the 
further aid of sections and descriptions herein, where it may be looked 
for under the surface and at what probable depth it may be found. He 
should bear in mind that, while generally answering to the description 
given on pages 218-219, it is sometimes bleached so as even to be con­ 
founded with porphyry, from which its effervescence with acids is then 
the only safe distinction, and that even the porphyry is sometimes so 
impregnated with carbonate of lime as to effervesce slightly. Also 
that the Parting quartzite is the formation which marks its base, but 
that in the decomposed state prevalent in the mines it is often to be 
distinguished from porphyry only by "its gritty feel; that, if for any 
reason the Parting quartzite is not definitely distinguishable, the find­ 
ing of White limestone beneath, with its characteristic secretions of 
white hornstoue or chert, is an unmistakable evidence that he is below 
the horizon of the Blue limestone.

Area under Leadville.—The determination of the existence or non-ex­ 
istence of the Blue limestone beneath the city of Leadville, or the area 
immediately west of Carbonate and Fryer Hills, is of prime importance, 
for the reason that so many rich bonanzas have already been developed 
at that horizon on its eastern borders, which it is reasonable to sup­ 
pose once extended farther west, and that thus far the richness of the 
horizon seems to increase with its distance from the crest of the range. 
The evidence gathered upon this point will therefore be given in con­ 
siderable detail.

It is sufficiently well proved by the general geological structure of the 
region that the Blue limestone originally extended to the west of Lead­ 
ville, its probable limits being a line drawn from the mouth of the 
Baf/t Fork of the Arkansas in a southeast direction to a point just west 
of Weston's Pass.

If, then, it has uot been removed by erosion, it should still be found 
there, and the question resolves itself into the determination of the 
amount of erosion over the triangular area included between that hue 
and the known outcrops, and the probable elevation or depth below 
the present surface at which the Blue limestone was left by the folding1 
action and faulting of the Paleozic series.

Of the amount of erosion, or its practical exponent, the depth of sur­ 
face accumulations of Wash and Lake beds over the actual rock surface, 
no data are attainable, except along the eastern shore-line of the ancient 
lake, or the western edges of the present hills, where rock in place has 
been actually reached in a few shafts. As it may be reasonably as­ 
sumed that this was a shelving shore, the only deduction to be drawn 
from the data thus afforded is that farther west the thickness of Wash 
and Lake beds is probably greater, and that given on sections D and E, 
viz., 400 feet, may be taken as a minimum.
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With regard to the depth below the present surface at which the Blue 
limestone was left by folding and faulting, it may be assumed from 
analogy with the structure of other similar areas in the region, which 
the few available facts confirm, that this area is occupied by a shallow 
synclinal fold, cut off in part on its eastern edge by a fault.

If, then, the shore of the Glacial lake was not very much steeper than 
has been assumed in the sections, and there exists no anticlinal ridge 
within the basin, it is probable that a continuous sheet of Blue limestone 
still exists west of the present known outcrops, and probably at no 
point over a thousand feet below the present surface. The evidence 
obtained with regard to its form may be very briefly stated.

On tlie north.—The existence of the Cambrian quartzite dipping 
southeast at the mouth of the East Pork of the Arkansas, and of Blue 
limestone on the ridge north of this stream, proves a basming-np in 
that direction, and that the outcrop of the Blue limestone on that side 
of the basin runs probably nearly parallel to the river, and one to two 
thousand feet south of it, with a shallow dip southeast.

East side.—On the west slope of Prospect Mountain it comes to the 
surface, as already shown, in the Little Evans anticlinal. South of 
this the Oolite shaft cut the overlying Gray and White porphyries, and 
found Blue limestone, dipping steeply west, at a depth of about 165 feet. 
About 1,100 feet west of this the Sequa shaft and bore-hole was stink 
280 feet through porphyry without reaching the contact, proving the 
western dip to be continuous so far.

Still further south, at the foot of Fairview Hill, a number of now 
abandoned shafts have struck the White limestone under only 60 to 90 
feet of Wash, in one of which, the American Eagle, it is said that the 
beds dipped both east and west. This would be the axis of the Big 
Evans anticlinal fold. About COO feet west of this shaft the Bob Inger- 
soll drill, after passing through 360 feet of Wash and Lake beds, has 
been driven from 100 to 150 feet in White porphyry. This proves defi­ 
nitely a western dip here, since no considerable sheet of White porphyry 
is known to exist below the White limestone. Whether this is the one 
which occurs above or below the Blue limestone will be determined only 
when the underlying bed is reached.

On Carbonate Hill, as stated in Chapter VIII, the downward move­ 
ment was distributed between two faults, the amount of that in the 
westernmost, the Pendery fault, not having been proved. The fact that 
the shafts which have been sunk through the Wash along the lower 
slopes of the hill have invariably struck White porphyry is tolerably sat­ 
isfactory evidence that the ore horizon is still below them, since in this 
region the only known sheet of White porphyry is that which overlies 
the Blue limestone. There is some evidence of a western dip, as there 
shown, but whether the formation descends to the westward in a regu­ 
lar slope or in a series of short folds or faults is yet to be proved. The 
former would be more favorable to future developments. The facts that



282 GEOLOGY AND MINING INDUSTRY OF LEADVILLE.

the displacement of the Carbonate fault is so small and that the Pen- 
dery fault probably passes into a fold are presumptive evidence that 
immediately west of the latter line the depth of the Blue limestone be­ 
low the present surface is not great, and that it probably increases 
toward California Gulch and decreases toward Stray Horse Gulch. 
On the south slope of Carbonate Hill the California Tunnel passes 
through White porphyry west of the fault, which here had an inclina­ 
tion of only 30° to the west, and a shaft and bore-hole near the bed of 
the gulch, opposite the Harrison smelter, has been sunk 200 feet also 
in White porphyry.

South side.—The main fault crosses California Gulch in a southwest 
direction, about 500 feet above the Gillespie & Ballou sampling works, 
and west of it the Blue limestone may probably exist for some dis­ 
tance further south. Theoretically, it should extend, if not eroded, 
as far as the convergence of the fault line with the western rim of the 
basin. Practically, as the Lake beds probably deepen rapidly in thio 
direction, its actual extent is likely to remain a matter of pure specula­ 
tion for some time to come.

West side.—The western limits of the basin are equally a matter of 
speculation. The outcrops of the Blue limestone, as drawn on the large 
map of Leadville, which are assumed after careful consideration of all 
known facts bearing directly or indirectly upon it, run just west of the 
city limits.

Within the limits thus rudely outlined the probabilities of the exist­ 
ence of the ore horizon below the Wash and Lake beds seem sufficient to 
justify the expense of an experimental shaft. This expense must nec­ 
essarily be great, from the thickness of loosely agglomerated material 
to be passed through, which will almost certainly admit an enormous 
amonnt of water, the drainage of the surrounding hill surface. It 
must therefore be undertaken with the intention of risking a large 
sum of money, and as its result, if favorable, will increase the value of 
pioperty in the whole area, the risk should be shared proportionately 
among them, as far as possible. From a purely geological standpoint, 
the most conservative method of exploration would be to reach the Blue 
limestone horizon somewhere near the eastern rim of the basin, say on 
the lower slopes of Carbonate Hill, and follow it westward. Other in­ 
fluencing motives may probably make it advisable to sink the experi­ 
mental shaft further out on the flat, and in-this case some position on a 
north and south line through Capitol Hill, would be a safe location to 
choose. While there might be advautage iu goiug still farther west, inas­ 
much as the nearer one approaches the actual outcrop the less will be the 
overlying porphyry that will have to be passed through, on the other hand, 
once that outcrop is passed, the shaft would reach ouly the comparatively 
barren Silurian, Cambriau, or Archrean; it is therefore advisable to keep 
withiu safe limits until more definite data as to the probable breadth of 
the basin can be obtained. Although the Blue limestone may extend
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half way to Malta, iu a region so complicated by unexpected folds and 
faults the regular slope of the basin, which would give it that width, 
cannot safely be counted on.

Other unexplored areas.—Present developments show that on a line 
running eastward from Fryer Hill replacement action has been excep­ 
tionally active. The Blue limestone horizon along this hue is therefore 
worthy of thorough exploration, first in the synclinal basin of Little 
Stray Horse Park, and again in the area between the Yankee Hill auti- 
cliual and the "Weston fault. In either portion, as it is covered by thick 
porphyry masses, it would be more economical to conduct the explora­ 
tion from some common shaft, and only sink actual woi king shafts after 
the existence of valuable ore bodies had been definitely determined.

In either of these- basins the ore horizon extends northward beyond 
Big Evans Gulch and under Prospect Mountain, and may prove pro­ 
ductive there, but it is relatively more difficult of access, and the few 
points at which it has been reached give less promise of widespread ore 
deposition than in other regions.

Southeastward from the crest of Yankee Hill the Blue limestone hori­ 
zon might be expected to be productive from the presence of the cross 
cutting body of Gray porphyry; on the other hand it may be more diffi­ 
cult to trace, on account of the probably complicated geological structure.

Under the Pyritiferous porphyry of Breece Hill it must exist, but 
at an as yet unknown depth. On the north slope of this hill the cou- 
tact eastward from the Highland Chief mine has not yet been thor­ 
oughly explored, as prospectors in this region have been hopelessly 
confused by the complicated structure, and have sunk their shafts in­ 
discriminately above and below it.

On Little Ellen Hill it has been found productive, as already men­ 
tioned, but not explored in the valleys to the north and south. East of 
the Ball Mountain fault, again, the contact crosses South Evans Gulch, 
but has been opened at comparatively few points.

The prospects of as yet undeveloped ore bodies under Fryer, Car­ 
bonate, and Iron Hills have already been discussed in Chapters VIF, 
VIII, and IX. South of California Gulch the extension of the line of 
the Iron fault probably coincides nearly with the axis of a synclinal 
basin, cast and west of which the formations should rise. The gener­ 
ally shallow depth at which the Gray porphyry sheet between the White 
porphyry and Blue limestone was found, just west of the Dome fault, 
afforded an indication that the latter would be found here comparatively 
near the surface, and this indication has been confirmed by explorations 
since the completion of field work. East of the Dome fault the outcrop 
of the Blue limestone is found in the Nisi Prius and adjoining shafts 
in Iowa Gulch, and its southern continuation has thus far only been 
struck by the Hoodoo and Echo shafts at the head of Thompson Gulch, 
leaving a considerable extent entirely unprospeeted.

Under Printer Boy Hill, east of the Pilot fault, the geological iudica-
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tions are fa^ orable to the existence of ore bodies in the Blue limestone. 
Its outcrop on the Iowa Gulch side is clearly marked, but on the northern 
slope toward California Gulch it is obscured by surface de'bris, or slide, 
and when last visited was unprospected between the Lovejoy shaft and 
the Eclipse tunnel. East of this it extends at a depth as yet unprofitable 
for exploration, until cut off by the Ball Mountain fault; while on Long & 
Derry Hill it is cut off earlier by the Weston fault, and, as shown on the 
map, is wanting in the areas further east.

Beyond the limits of the present map the outcrop of Blue limestone 
can be traced from the western shoulder of Mount Zion northward, grad­ 
ually descending the hill slope, crossing the mouth of !No Name Gulch 
andPiney Creek to Taylor Hill, at which point the El Capitan mine has 
developed a valuable body of gold ore. Throughout this extent it is as 
yet but little prospected. The indications given above, at best but im­ 
perfect, are such, as seemed most easily explained without the aid of 
maps; when these are finished they will show the facts we have been 
able to gather far more clearly than could volumes of written descrip­ 
tion.



CHAPTER XI.

METALLURGICAL REPORT.

A comparatively brief investigation into the geology of the Leadville 
district was sufficient to convince me that the magnitude of the work 
was such as to preclude the idea of my giving any personal attention, 
within the time allotted, to the extremely important industry of lead- 
smelting as conducted there. I was fortunate enough, however, to 
secure for this work the services of Mr. A. Guyard, whose profound 
knowledge of the chemistry of metals, and practical as well as theoret­ 
ical acquaintance with metallurgical processes, acquired during a long 
experience in Europe, rendered hrni eminently fitted to undertake it. 
The preparation of this report was therefore entrusted to him, and, 
while I have been able from time to time to offer some suggestions as 
to particular points requiring special study, to him alone belongs the 
credit to be derived from the investigation, as well as the responsibility 
for the conclusions which have been drawn therefrom.

It is well known that processes which work well in the laboratory 
do not always succeed on a large scale in smelting operations. It is 
equally well recognized that the reactions which take place in the fur­ 
nace are founded on definite chemical laws, whose thorough study nec­ 
essarily involves careful and accurate examination of all the furnace 
products in the laboratory. The most successful smelter in the long 
run is consequently he, who, combining theory with practice, watches 
most carefully, by means of chemical analysis, the processes going on in 
his furnace, and thereby renders to himself a systematic account of the 
reactions which take place there. But, in the press of daily business, 
most smelters find it impracticable to conduct the minute and tediously 
accurate chemical investigations, which furnish material for generali­ 
zations upon the broader questions that affect the industry as a whole.

It has been the aim of this report, therefore, to gather together, 
from all available sources, the facts already obtained, and to supple­ 
ment them by further and more accurate chemical study, which the 
smelters themselves, either from want of time or of adequate scientific 
resources, could not pursue; to put together the material thus accu­ 
mulated in a compact and available form, and deduce from it illuatra-

285



286 GEOLOGY AND MINING INDUSTRY OP LEADVILLE.

tions and criticisms of the various smelting operations carried ou in the 
district, and offer suggestions for improvements therein if such be pos­ 
sible. If, then, as may readily be the case, any'one disagrees with the 
conclusions thus drawn, the facts from which they were obtained are 
at his command, and he is enabled to use them as he sees fit for his 
own deductions.

Too much credit cannot be accorded to Mr. G-uyard for the patient 
and laborious thoroughness with which he has conducted his investiga­ 
tions, of which the report itself will afford the most convincing testi­ 
mony. The following is a brief abstract of the main features of his re­ 
port, and of the conclusions \\hich he has drawn from his investigations.

Attention is first given to the external conditions of smelting, com­ 
mencing with a short discussion of the topographical relations of 
smelters and mines; next follows an examination of the character of 
the ores, both mineralogical and chemical; then their distribution and 
consumption at the various smelters, the resulting prodnction in bull­ 
ion, slags, etc., and the disposition of the former. In order to present 
it in as concise a form as possible, this valuable information has been 
condensed in the shape of nine large tables. Nor have economical con­ 
siderations been neglected, and full particulars are given of the cost of 
plant, the number of men employed, their salaries and wages, the price 
of ores, metals, fluxes, fuel, cost of treatment of ores, and cost of trans­ 
portation of bullion, with full discussion of cost of smelting and profits 
derived from it.

Although working with the same materials, and with plant con­ 
structed on the same principles, the smelters of Leadville display a great 
deal of originality in the arrangement of details, some of which consti­ 
tute real improvements; moreover, American machinery of great perfec­ 
tion is used, which, the reporter thought, might be adopted with advan­ 
tage in other countries, after being seen successfully at work in so 
important a smelting region as Leadville. All this necessitated illus 
trations. In consequence, twenty-three plates of engravings, containing 
ninety-five figures, drawn to scale, and representing horizontal and 
vertical sections, as well as elevations and perspective views of plant, 
furnaces, lead-dust condensing chambers, crushers, blowers, and other 
implements used in both smelting and assaying, accompany this report, 
and make the detailed descriptions which it contains clearer and more 
intelligible.

A complete collection, formed of numerous and varied specimens of 
furnace products, bullion, slags, speises, mattes, sows, flue and chamber 
dust, accretions; and of the materials used in smelting, coke, charcoal, 
hematite, dolomite, made with discrimination at all the smelting works, 
enabled him to make a thorough investigation of their nature and com­ 
position, as well as of their contents in precious metals, and to examine 
critically the chemical phenomena of lead smelting in blast furnaces.

Th^se researches, which were considered as absolutely necessary, were
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made in the laboratory of this Division of the Survey, which had been 
erected in Denver; and resulted in the pointing out, in the furnace 
products, of most substances existing in the camp, even those that occur 
only in minute quantities, and which it would have been most "difficult 
to trace or to detect with certainty in the ores.

~8o less than fifty-six complete analyses, some of which are the most 
exhaustive that have been made of ores and metallurgical products, 
give accurate notions as to their nature and composition, and illustrate 
all the fundamental and most of the accessory reactions of lead smelt­ 
ing in Leadville, which, according to these researches, are very numer­ 
ous. Each important analysis, or group of analyses, and each group of 
assays, which are also very numerous, is preceded or followed by discus­ 
sions of the most interesting analytical results or of the extraordinary 
or doubtful ones, much, however, having been left to tho reader to study 
and criticise.

An interesting chapter of this report contains a very complete enu­ 
meration of the reactions of lead smelting, according to various authors, 
and points out each of these reactions as shown in normal or accidental 
products of the blast furnaces of Leadville, in which they were revealed 
by chemical investigation. This important chapter shows that many 
reactions which were found in laboratories, and which were considered 
by their authors as purely theoretical, are in reality normal reactions of 
the blast furnaces, which have, so to speak, "taken a body" in products 
which flow normally from the furnaces or are found in them.

Lastly, a most complete aud exhaustive discussion of the blast furnaces 
is made, in which the weights of all the elements introduced in them, 
while in full blast, is given, as well as the reactions which tak?, place in 
the various zones, and the losses of weight of charges resulting trom 
these reactions. These calculations, based entirely on data obtained in 
Leadville, are both interesting and useful, and the chief conclusion re­ 
sulting from them is that the weight of blast used in smelting is about 
equal to the weight of solid charges which enter the furnaces. The 
volume of this weight of blast is also given, which is much greater in 
Leadville than it would be at lower altitudes, showing that lead smelt­ 
ing iu tne " City of the Clouds" offers some interesting peeuliarities.

CONCLUSIONS.

The chief conclusions arrived at by Mr. Guyard are: 
' 1. That smelting m Leadville is a profitable operation, but that the 

aggregate smelting capacity of the working smelters is about equal to 
the present mining product of the camp.

2..That lead smelting, in Leadville, has, on the whole, been brought 
to a state of great perfection, with regard both to tlie plant adopted, 
which is constructed on the most approved principles, and to the man­ 
ner in which fuel, fluxes, and ores are mixed for smelting, giving slags 
which are remarkable for their fluidity, and not too highly charged with
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either silver or lead (especially when it is remarked that the bullion pro­ 
duced is very rich,); and from which bye-products, such as speises arid 
mattes, are easily detached.

3. That the quantity of bye-products, other than lead fumes, resulting 
from smelting in Leadville, amounts to but little.

4. That the camp is provided with the necessary plant to work profit­ 
ably such bye-products, which are generally rich in silver, and either 
completely neglected, or treated imperfectly and with a considerable loss 
of silver.

5. That the mode adopted at a great many smelters, of mixing and 
re-smelting with caustic lime the flue dust formed in considerable quan­ 
tity, is the best that could have been devised, and that it would be ad­ 
visable to substitute pure lime for the dolomitic lime used in Leadville 
for this operation.

6. That the numerous imperfections noticeable at various smelters 
are mostly intentional and based on economical grounds, and not on 
ignorance, for smelting is conducted in Leadville by very clever super­ 
intendents and smelters.

7. That the smelting of lead ores, in presence of ironstone, has here 
been brought to a state of great practical perfection, and is carried on 
most successfully, from one year's end to the other, with the greatest 
regularity at a dozen smelters, and that superintendents of smelters do 
not hesitate to introduce in the charges sometimes very large quanti- 

.ties of galena, which are reduced with the greatest facility.
8. That owing to the peculiar nature of the Leadville ores, and to the 

great altitude at which smelting is performed, which increases the vola­ 
tility of lead compounds, attempts ought to be made to substitute caustic 
lime, free from magnesia, for the raw dolomite universally used in Lead­ 
ville, in order to avoid as much as possible the formation of volatile lead 
compounds.

9. That, cceteris paribus, dolomite forms as good a flux as calcitic lime­ 
stone, so far as the actual working of the blast furnaces is concerned, 
and that the fluidity of the slags thus formed is not only irreproach­ 
able but quite remarkable.

10. That besides the substances existing in large quantities in the 
camp, such as silica, sulphur, carbonic acid, lime, magnesia, alumina, 
oxides of iron and manganese, lead, silver, chlorine, and phosphoric acid, 
the following substances exist in small quantities: sulphuric acid, titanic 
acid, bromine, iodine, zinc, baryta, gold, nickel, molybdenum, arsenic, 
antimony, and copper; and that traces of the following substances may 
be detected: tin, bismuth, cobalt, iridium, selenium, tellurium, cadmium, 
and a new metal which has been imperfectly studied as yet, and which 
appears to be intermediate between the metals of the iron group and 
those of the lead group.

11. That the ores of Leadville are either rich in lead and poor in sil­ 
ver, rich in silver and poor in lead, or equally rich in both silver and
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lead, and very variable in composition; but that by judicious admixtures 
of various ores, ore beds of sensibly the same composition are made at 
the smelters, which are needed to insure regularity in the smelting 
operations.

12. That the quantity of lead completely lost in the atmosphere is 
sensibly twice as large as the quantity of lead caught in the dust cham­ 
bers generally used.

13. That the crude bullion extracted* in the blast furnaces of Lead- 
ville by the process referred to in § 7, is of very fair quality, and that a 
little of its silver and some of its lead .exist there in the state of sul- 
phurets.

14. That mattes (both iron and lead mattes) which had hitherto been 
considered as entirely formed of sulphurets are crystallographic com­ 
pounds of sulphurets of iron and lead, and crystallized magnetic oxide 
of iron. (This last observation, however, interferes in no way with the 
fact that in various smelting operations mattes entirely formed of sul- 
phnrets are produced.)

15. That slags cannot very well be compared with minerals, from 
which they differ essentially; that they contain minute quantities of 
carbonates which have escaped destruction, and small quantities of 
carbon or carburets, two products which hitherto had not been gen­ 
erally known to exist. That slags are formed of crystallographic com 
pounds of silicates of iron, manganese, zinc, lead, lime, and magnesia, on 
the one hand, and on the other of a peculiar matte which is designated 
by the name of calcium matte, and which like its congeners is formed ol 
a sulphuret (sulphuret of calcium) and magnetic oxide of iron, which 
can be isolated in the pure crystalline state.

16. That at least three distinct metallurgical kinds of speises, contain­ 
ing two distinct chemical arsenio-sulphurets of iron, are formed in lead 
smelting, and that they always contain small quantities of nickel and 
molybdenum entirely concentrated m them, showing that the metal­ 
lurgy of molybdenum could be conducted jointly with that ol lead, with 
ores containing only traces of molybdenum.

17. That a very curious and a hitherto unsuspected reaction takes 
place in the blast furnaces of Leadville, by means of which cobalt is 
completely separated from nickel (nickel being concentrated m speises 
and cobalt in the skimmings of the lead pots of blast furnaces), and 
showing that the metallurgy of both metals and their separation could 
be effected in lead furnaces by operating under conditions similar to 
those observed in Leadville.

18. That iron sows are a variety of speise and present a great anal­ 
ogy with the latter products.

19. That lead fumes are very complicated products, characterized in 
Leadville by the presence of no inconsiderable amount of cliloro-bromo- 
iodide of lead and phosphate of lead, and that they contain, contrary 

19 G A
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to the opinion formed m Leadville, but small quantities of arsenic and 
antimony.

20. That owing to that erroneous notion, the practice of roasting the 
dust in order to free it from arsenic and antimony, as adopted at one 
smelter, is a useless and costly one, which is unnecessary and ought 
not to be generalized in Leadville.

21. That accretions are products of sublimation, and that these prod­ 
ucts, which line the shaft of €he furnaces and interfere seriously with 
a regular run, might be, to some extent, avoided, or made less trouble­ 
some, by a slight modification of the manner of charging the furnaces, 
and by the adoption of caustic lime, instead of raw limestone, in smelt­ 
ing.

22. That some accretions are characterized by the concentration, in 
sometimes large quantities, of metals such as tin, arsenic, antimony, 
and zinc, which exist but in small quantities in the ores.

23. That the charcoal used 111 smelting is of very good, and the coke 
of bad quality; but that the fuel obtained by mixing them contains 10 
per cent, of ash, and that it requires a maximum amount of 32 to 33 
parts of this fuel for 100 parts of ore, aud 24 parts for 100 parts of 
charges to effect smelting; but that at several smelters these percent­ 
ages are considerably lowered.

24. That for every 100 parts of carbon thrown in the furnaces with the 
smelting charges, only 52.25 parts reach the zone of combustion at the 
tuyeres, the balance being consumed chiefly by carbonic acid formed in 
the zoue of combustion, involving, as is well known, an absorption of 
heat.



SUMMARY

OF THi

GEOLOGY OF THE COMSTOCK LODE AND THE 
WASHOE DISTRICT.

BY

GEORGE F. BECKER.

291





U.S.GEOLOGICAL SURVEY ANNUAL REPORT 1881 PL.XLVI

'/i\ I SL . JV xx

Geo.Surveys West of 100 * Mer 7 T. SmcJnir
Quartz Vein Later HomblendeAiifl Au^ilr Aiidestie Earlier Homb. And. Diabase Quartz l*oqjlryiT MiraPiorite Diontn Localities Delennuied.

osco[)i

Ijy G.F.Beclter, Geologist in Charge.

aa

Scale I Inch—1500 t'fet -Conlours Kfly Feel Veilira] Inlen-al.

GEOLOGICAL MAP OF V I R G I N I A , N E V. A N D IMMEDIATE VICINITY





U.S.GEOLOGICAL SURVEY. ANNUAL REPORT 1861 PL. XLVII.

c Arcs cojresponjlifty tf> surveyed.

Mapping by R.H. Stretch Geology 1>y G. F. BeckeT,(JRologistiTi Charge.

AngileAralesrte EapVier HornVAiid l>ia\>aee

hi "]
Diorile Holfmanc Dei.-ompaHitinn Vein Nijtler Specimens MiclXMicopicDerenmnalwuis

Sfale 1 Incti = 800 Feet or eeoo

PARTIAL SECTION OF THE WASHOE DISTRICT ON THE SUTRO TUNNEL LINE





A SUMMARY OF THE GEOLOGY OF THE COMSTOCK 
LODE AND THE WASHOE DISTRICT.'

BY GEOBGE F. BEOKEB.

The COMSTOOK LODE lies on the east slope of the Virginia Eange, a 
northeasterly offshoot from the range of the Sierra Nevada. The region 
is a desert, supporting scarcely any vegetation besides the sage-brush. 
Potable water is found only in quantities too small to supply a settle­ 
ment, and the town now depends for its supply on a point in the Sierra 
Nevada, thirty miles away. The mines were first opened in this inhos­ 
pitable region in 1859, but have since been pushed with such vigor that 
their product is supposed seriously to have affected the silver market 
of the world. They have produced about $315,000,000 worth of bullion, 
of which $175,000,000 was silver (at the rate of one ounce equals 
$1.2929). Of the total yield, $115,871,000 has been disbursed in divi­ 
dends.

The last great ore body discovered yielded $111,707,609.39, of which 
$74,250,000 was paid in dividends. The number of men employed in 
the mines on June 1,1880, was 2,770, and the sum annually disbursed in 
wages is now $4,550,000. The aggregate horse power of the machinery 
of the mines is 24,130. The total length of shafts and galleries exceeds 
150 miles, and the greatest depth reached is above 3,000 feet.

As has long been known, the COMSTOCK LODE presents scientific 
questions of an interest commensurate with its economical importance, 
and a number of famous geologists have written more or less fully ou 
the subject. Besides numerous scattered papers, several important 
memoirs have been printed. Baron von Eichthofen made an examina­ 
tion in 1865, the results of which were printed by the Sutro Tunnel 
Company, but were not published in the proper sense of the word. It is 
a very remarkable paper, and the portions relating to the geology are 
reproduced in this report almost in full. In 1867 Baron von Eichthofen 
also published a paper entitled "A Natural System of Volcanic Eocks,"

* The report on the Comstock lode and the Washoe district is nearly completed, and 
the views expressed in this summary are not likely to undergo any considerable alter­ 
ation; but, should occasion arise, of course changes will be made up to the last 
moment. It will be understood that this is a rfaumf of results, and that the nature 
only, and not the details, of the evidence of the positions taken can be indicated.
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as a memoir of the California Academy, in which the system proposed is 
avowedly based to a great extent on the -geology of Washoe. At the 
date of these papers microscopical lithology was still in embryo, and Mr. 
Sorby's experiments were attracting attention as possibly promising 
important results-. It is not wonderful, therefore, if the present inquiry, 
in which the microscope has been used as a field instrument, has led to 
different lithological results; while, so^'ar as the structure and vein for­ 
mation are concerned, the greater part of this geologist's views are con­ 
firmed in a remarkable manner. In 1867-'68, Mr. Clarence King, who 
was in charge of the exploration of the 40th parallel, made an exami 
nation of the lode, dowu to the 800-foot level.* He accepted vou Eicht- 
hofen's propylite, though stating a doubt whether it might not event­ 
ually prove identical with andesite. The quartzose rock of the district, 
which von Eichthofen had determined as a pre-Tertiary quartz-por­ 
phyry, King regarded as quartz-propylite. The most prominent feature 
of this memoir is the graphic description of the vein phenomena from 
the surface down. In 1875, Prof. F. Zirkel examined the lithological 
collections of the 40th parallel.! Among the slides which he describes 
are thirty-three from the Washoe district. He confirmed the inde­ 
pendence of propylite and quartz-propyhte as lithological species, 
regarded the quartzose rock as dacite, corrected the determination of 
the granular diorite (it had been considered syenite), and added augite- 
andesite, rhyolite, and a strange variety of basalt to the list of rocks 
previously recognized.

In 1877, Mr. J. A. Church, in connection with the United States Sur­ 
veys West of the 100th Meridian, under Captain Wheeler, examined the 
workings down to the 2,000-foot level. Mr. Church accepted the lithology 
of his predecessors, with some exceptions a little difficult to follow, but 
though he mentions slides of the rocks, describes none. His memoir 
contains a number of ingenious hypotheses, prominent among which are 
the following:

That diorite was a thin flowing lava, and spread over the country in 
successive thin horizontal beds;

That propylite and andesite were laid down in the same manner on the 
diorite, and the whole bedded mass was tilted or folded in such a way 
that the eruptive strata assumed their present position with an inclina­ 
tion of about 45°;

That the ore was deposited by substitution for propylite, relegating 
the COMSTOCK to the class of Fahlbands;

That the heat of the COMSTOOK is due to the kaohmzing action of sur­ 
face waters on the feldspar of the country rock.

A topographical map of the district was published by the Expedition 
of the 40th Parallel, but a more detailed contour map, on a larger scale,

* Exploiation of the 40th Parallel, Vol III 
Exploration of the 40th Parallel, Vol. VJ.
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was made ia 1879, under orders of Captain Wheeler, by Mr. A. Karl. 
This map forms the topographical basis of the present examination.

DECOMPOSITION OF ROCKS.

The economical importance of the district, the obscure character of 
some points in its geology, and the great weight of the authorities whose 
investigations had already been published, made it essential that the 
work done under the new United States Geological Survey should be 
supported by the strongest and most detailed evidence. The collec­ 
tions embrace nearly 2,500 specimens and 500 microscope slides. The 
locality of each specimen was fixed with great care on the maps at the 
time of collection, and 110 time or pains was spared in preparing the 
geological maps and sections. In laying down the various formations 
the microscope was m constant use, slides being ground as the occasion 
arose, and the results obtained from them finding immediate application 
in the extension of the work.*

The area in which the COMSTOCK lies is characterized by a wide­ 
spread and profound decomposition of the rock masses, and a study of 
the lithology of the district resolves itself primarily into an investigation 
into decomposition. In spite of the most painstaking choice of speci­ 
mens, there is not one in fifty of those collected underground which 
contains a particle of any of the characteristic bisihcates, secondary 
minerals replacing them throughout. Even the feldspars are rarely in­ 
tact, and are sometimes wholly decomposed. When the steps of these 
processes of degeneration are once understood, it is comparatively easy 
to infer the original composition and structure of the rock. Some of the 
results obtained concerning the decomposition of the Washoe rocks are 
the following:

Hornblende, augite, and mica generally pass into a chloritic mineral, 
which, so far as can be judged by any optical tests now known, is al­ 
most without exception the same, from whichever of the primary bisih­ 
cates it may have originated. This chlorite is generally green, but in 
especially compact masses appears greenish-brown under the micro­ 
scope. It is strongly dichroitic, but, except in dense masses, appears 
nearly black between crossed Nicols. It is fibrous, often spherohtic, 
and invariably extinguishes light parallel to the'direction of the fibres. 
It thus bears a considerable resemblance to fibrous green hornblende, 
but the cases are very rare, if they actually occur, in which a careful 
examination will not serve to discriminate between the minerals. This 
chlorite is decidedly soluble. It occurs in veinlets and diffused through 
the ground mass and through other minerals when these have become

* My assistants were Dr. Carl Barus, physicist, and Mr. F. R. Rende, assistant geolo­ 
gist I also engaged with Mr. R. H. Stretch to assist roe in mapping the underground 
geology
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pervious through decomposition. It is especially striking as an infil­ 
tration in the feldspars, where, of course, it is readily visible. All the 
stages can be traced, from the first inconsiderable attack of the bisili- 
cates, through rocks m which chlorite occurs wholly or almost wholly as 
admirable pseudomorphs after the bisilicates, and up to cases in which 
the secondary mineral is wholly diffused .through the mass of other 
products of decomposition.

Bpidote is usually m Washoe a product of the decomposition of chlo­ 
rite. Comparatively very few occurrences of epidote are explicable on 
the supposition that the mineral is the direct result of the decomposition 
of the primary bisilicates; none are inexplicable on the supposition that 
chlorite represents an intermediate stage in the alteration, and hun­ 
dreds of cases show beyond question epidote developing in chloritic 
masses, and sending characteristic denticles and fagot-like offshoots into 
the comparatively homogeneous chlorite. A considerable number of 
drawings, which are photographic in their fidelity, have been made, illus­ 
trating these processes. Epidote, too, appears to be soluble, but to a 
much slighter extent than chlorite. The vemlets of epidote are often, 
though probably not always, a result of the alteration of chlorite. No 
evidence has been obtained that feldspars are ever converted into epi­ 
dote, and the dissemination of fresh hornblende particles in feldspars 
m any considerable number has not been observed. Iii many cases, on 
the other hand, it can be shown that feldspars have been impregnated 
with chlorite, from which epidote has afterwards developed. Chlorite 
does not always change to epidote, aud appears often to be replaced by 
quartz and calcite. This is frequently visible in slides, which also show 
its alteration to epidote. JTo certain evidence of the alteration of epi­ 
dote has been met with.

In the decomposition of the feldspars, the first stage appears to be the 
formation of calcite. This sometimes leaches out, leaving small irregular 
cavities, and these cavities are not infrequently filled with liquid, some­ 
times carrying a bubble, which is commonly stationary, but occasionally 
active. Thus secondary liquid inclusions are formed, which may mis­ 
lead in the diagnosis of a rock. Primary liquid inclusions are either 
more or less perfect negative crystals or vesicular bodies. The vesci- 
cles often assume strange forms through pressure, such as are often ob­ 
served in air-bubbles in the balsam of a slide, but their outlines are com­ 
posed of smooth curves. The secondary fluid inclusions are bounded 
by jagged lines. Inclusions of this kind are never met with unaccom­ 
panied by other evidences of decomposition, and thus are abundant in 
the altered outer crust of andesite masses, the inner portions of which 
show none of them. There is every reason to suppose that the same 
secondary inclusions would form in older rocks, and similar occurrences 
have been noticed.

Kaolin possesses-so few characteristic optical properties that it is not 
identified with ease or certainty under the microscope. No kaolin has
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been identified m the Wasboe rocks, and while it is by no means assert­ 
ed that they contain none, it seems hardly possible that, had it formed 
a prominent constituent, it would have escaped observation. The pres­ 
ence of enormous masses of "clay" on the COMSTOCK does not prove 
the existence of much kaolin, for so-called clays are largely attrition 
mixtures. But of this later.

An increase of volume appears to accompany the decomposition of the 
Washoe rocks. This is perceptible where dense masses, such as the 
more compact andesites, are subjected to the process. Angular blocks 
are then converted into a series of concentnc shells of comparatively 
soft matter, which approach the spheroidal shape more and more as the 
diameter diminishes. Often a nodule of undecomposed rock is found at 
the center, and such masses afford the very best opportunity for study­ 
ing the macroscopical appearances resulting from degeneration. When 
the attacked mass is large, erosiou often exposes the fresh core, which 
then, offering greater resistance, projects as a "cropping," or, if it has an 
elongated form, like a dike above the surrounding country; and as the 
tendency of the mere action of atmospheric agencies is to the produc­ 
tion of ferric hydrate rather than chlorite from the bisilicates, the first 
impression which such a mass produces is that of an older and a younger 
rock in conjunction. Nevertheless, sufficiently thorough examination 
will reveal a transition. When the rock is not solid, but brecciated or 
loose-grame'd, sufficient space seems often available to permit the requi­ 
site increase of volume without disintegration. Large and often promi­ 
nent masses of very strongly cohesive decomposition-products derived 
from breccia are common in the district.

The miueralogical character and the microscopical phenomena of de­ 
composition seem to be identical in the different rocks. Those refined 
manifestations of physical character by which it is so often possible to 
discriminate between older and younger rocks, and between the various 
rock species when fresh, are nearly or quite obliterated by the decom­ 
position process, which impresses its own character on the product.

FROPYLJTE.

The present investigation of the geology of the Washoe District has 
failed to establish the existence of propylite. Full proof of this respon­ 
sible statement cannot of course be given in this summary of results. 
It consists in a process of exhaustive elimination. A study of each of 
the rocks of the districts, in all stages of decomposition, has led to the 
identification of all of them with other and previously recognized spe­ 
cies. The reduction of rocks of originally different aspect to apparently 
uniform character by chlontic decomposition is strikingly evinced by 
a mere list of the species in the district, which have been grouped under
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the terms propylite. and quartz-propyhte. These are granular diorite, 
porphyritic diorite, diabase, quartz-porphyry, hornblende-andesite, and 
augite-andesite. The peculiar "habitus" which is always referred to in 
descriptions of propyljte appears to consist in the impellucidlty of the 
feldspars, the green and fibrous character of the hornblende, the green­ 
ish color which often tinges feldspars and ground-mass, and a certain 
blending of the mineral ingredients. The impellucidlty of the feld­ 
spars (which surprisingly alters the appearance of rocks originally con­ 
taining transparent unisilicates) is due to incipient decomposition, espe­ 
cially, as it seems, to the extraction of calcite. The " green hornblendes " 
are simply pseudomorphs of chlonte after hornblende or augite, as the 
case may be. Excepting the granular diorite, not one of the rocks fron. 
which propylite forms has ever been found in the Washoe District con 
taming green hornblende, (barring uralite). The other characteristics 
are due to the diffusion of chlonte and the formation of epidote from it. 
The description of propylite as a species arose from the erroneous deter­ 
mination of chlonte as green hornblende—a very natural mistake before 
the microscope was brought to bear on the subject, since even with that, 
instrument the same error may be committed if color and dichroism 
are exclusively relied upon as diagnostic tests. The microscopical char­ 
acteristics of propylite are illusory. Finely disseminated hornblende m 
the ground-mass of a Washoe rock is very rare, and far rarer is the pres­ 
ence of particles of hornblende in feldspars. The propylites contain 
glass inclusions and primitive liquid inclusions, 01 not, according to the 
rock from which they were derived. Base is rare in propylites; where 
it originally formed a constituent of the rock, it has for the most part 
undergone devitrification.

A re-examination has been made of all the slides of propylites from 
other localities as well as from the Washoe District, descriptions of which 
have been published in different government reports. These, too, can 
be referred to other rock species with great probability in spite of ad­ 
vanced decomposition, and the writer does not hesitate to affirm that 
there is no proof yet known of the existence of a pre-andesitic Tertiary 
eruption in the United States.

The term propylite should not be retained 111 the nomenclature of 
American geology even to express certain results of decomposition, for 
the equally loose term greenstone seems to cover the same ground and 
has priority.

THE KOCKS OF THE WASHOE DISTRICT.

The rocks occurring in the Washoe district are granite, metamorphic 
schists, slates, and limestones; eruptive diorite of three varieties; meta- 
inorphic diorite, quartz-porphyryfan older and a younger diabase, an
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older and a younger horn'olemle-andesite, augite-andesite, and basalt.* 
The report contains a discussion of each of these rocks, embracing a 
detailed description of about seventy-five slides well illustrated. Here 
they can be dismissed with a very few remarks.

Concerning thegranite and basalt there has scarcely been a question. 
They are eminently characteristic occurrences. The metamorphic dio- 
rite sometimes resembles eruptive diorite, and has been taken both for 
diorite- and granite; usually it bears some resemblance to augite-aud 
esite or basalt, and has been determined microscopically as an unusual 
variety of the latter rock. It is composed essentially of oligoclase and 
hornblende. The hornblende was originally colorless, but through 
some change (perhaps absorption of water) it is in large part con­ 
verted into an intensely green variety. The hornblende polarizes m 
unusually intense colors.

The quartz-porphyry underlies both horublende-audesite and dia­ 
base. The microscope, Thoulet's method of separation, and analysis 
show that the predominant feldspar is orthoclase. It is characterized 
by the association of liquid and glass inclusions usual in quartz-poi- 
phyry, to which also the ground-mass corresponds. In one locality, 
jaear the Red Jacket, the quartz is nearly suppressed, and the rock is ex­ 
cessively fine-grained. It is a felsitic modification of the ordinary variety. 
This rock, which Baron v. Richthofen determined correctly, has since 
been called quartz-propylite, dacite, and 111 its lelsitic modification rhy- 
olite. Most of the quartz porphyry is greatly decomposed.

The eruptive diorite is sometimes grauular, sometimes poiphyntic. 
In the porphyritic diorite mica sometimes predominates over hornblende. 
Quartz is irregularly disseminated through the rock. In the granular 
diorite the hornblende is sometimes green and fibrous, sometimes brown 
and solid. In some cases it can be shown that the latter vaiiety of 
hornblende is altered to the ioriner, and possibly this is ordinarily the

* The signification attached to these names has vaiied somewhat as the science of 
hthology has progressed Some ot tlie main points ot their definitions as here under­ 
stood are as follows

Granite, pre-Tertiary nou-vitieons ciystallme lock,of which the principal constitu­ 
ents are orthoclaae, quartz, and mica 01 hornblende

Diorite, pro-Tertiary non-vitreous ciystalhne lock, ot which the main constituents 
are plagioclase and hornblende It may or may not contain quartz.

Quartz-porphyry, pre-Tertiary glass-bearing poiphyritic rock, of which the mam 
constituents are orthoclase, quaitz, anil hornblende 01 mica

Diabase, pre-Tertiary, more or less poiphyritic rock, of which the main constituents 
are plagioclase and augite

Andesite, Tertiary or post-Teitiaiy, glass-bearing, more or less porphyritic rock, of 
which the main constituents are plagioclase and hornblende, mica, or augite. The 
andesites m which augite is the characteristic bisihcate appear to be separate erup­ 
tions, while mica and hornblende replace one another to a variable extent m the same 
eruption. In the andesites feldspar predomiuates.

Basalt, Tertiary or post-Tertiary plagioclase augite rock, with predominant ttugite, 
usually characterized by the presence of olf^ipe,



300 THE COMSTOCK LODE.

case. Augite is not uncommon, and a part of the fibrous green horn­ 
blende is very likely uralite, but in the granular rock the outlines of the 
crystalline grains are rarely sufficiently regular to determine this point. 
In the porphyritic diorites the fresh hornblende is always brown. Even 
in this latter variety of the diorites well-developed feldspars are rare. 
The porphyritic diorites have for the most part been regarded as propy- 
hte, and some occurrences of the granular rock have been classed in the 
same way. Some of the fresher porphyritic diorites have been mistaken 
for andesites, the resemblance to which is sometimes strong.

The older diabase is porphyritic. Almost the whole of this rock is in 
a very advanced stage of decomposition, and when fresh considerably 
resembles an augite-andesite, but its ground-mass is thoroughly crystal­ 
line ; it contains no glass inclusions, but frequent fluid ones ; the augites 
show both pinacoidal and prismatic cleavages, and a tendency to 
urahtic decomposition. It is also manifestly older than the other dia­ 
base. An important characteristic is the lath-like development of the 
porphyritic feldspars, for in cases of extreme decomposition of the bisili- 
cates this characteristic at least serves to suggest whether the rock is dio- 
ntic or diabasitic. The older diabase has been considered as propylite 
or andesite, according to the stage of decomposition.

The younger diabase (" black dike") is very highly crystalline and not 
porphyritic. It is bluish when fresh, but in course of a few hours tnrns 
to a smoky brown. It is identical with many of the diabases of the New 
England and the Middle States.

The older hornblende-andesite and the augite-andesite where fresh are 
typical rocks macroscopically and microscopically. When decomposed 
they have been taken for propylite.

The younger hornblende-andesite which overlies the augite-andesite is 
a cross-grained, soft, reddish or purplish rock, with large glassy feldspars. 
It has alwaj s been supposed to be trachyte; but, when endeavoring to 
determine the different species of feldspar under the microscope, the 
writer was unable to include any satisfactorily determinablo orthoclases 
in the list. Dr. G-. W. Hawes was kind enough to undertake the sepa­ 
ration of the feldspars by Thoulet's method, and the analysis of the re- 
snltant feldspars. The specimen selected was the most trachytic in 
appearance, that of Mount Eose, but no feldspar whatever was found 
corresponding either physically or chemically to orthoclase. There is 
much reason to believe that trachyte occurs less often than had been 
supposed in the Great Basin area

STRUCTURAL RESULTS OF FAULTING.

The evidence of faulting on the CoMSTOOK is manifold, and has been 
recognized by all observers. The irregular openings in the vein, the pres-
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ence of horses, the crushed condition of the quartz in many parts, the 
presence of slickensides and of rolled pebbles in the clays, are all con­ 
clusive on this point. Both to the east and west of the vein, too, the 
country rock shows a rude division into sheets, and along the partings 
between the plates evidences of movement are perceptible, decreasing in 
amount as the distance from the vein increases, according to some law 
not directly inferable. All the evidence points to a relative downward 
movement of the hanging wall.

The question of the character of the contact surface, whether it is a 
faulted surface or a continuation of a former exposure of the east front 
of Mount Davidson, is not to be settled by mere inspection. A cross- 
section to scale taken from Mr. King's maps shows immediately that 
while the dip of the lode is 45°-or more, the maximum slope of Mount 
Davidson is about 30°. This fact, taken in connection with the char­ 
acter of the west wall when exposed, indicates that the surface is the 
result of faulting. A natural surface sloping for a long distance at an 
angle of above 40°, too, is very unusual. On the other hand, the coinci­ 
dence between the contours of the west wall and those of the exposed 
surface has been notorious from the earliest days of mining on the lode, 
and it seems a less violent supposition that the steep flank of the mount­ 
ain passes over into the still steeper wall of the vein than that the 
range has experienced au erosion modifying its angle 15° and more, and 
has still retained the details of its topography otherwise unaltered.

It is plain that the elucidation of the faulting action on the COMSTOCK 
is a very important structural problem, and that it is most desirable to 
account qualitatively for the results, as well as to prove the existence of 
a notable dislocation.

The most striking and wide-spread evidence of the faulting is the 
apparent relative movement on the contact surfaces between more or 
less regular sheets of the east and west country rocks for a long dis­ 
tance in both directions from the lode. Bach sheet appears to have 
risen relatively to its eastern neighbor, and to have sunk as compared 
with the sheet adjoining it on the west. The consideration of a sheet 
or plate of rock under the influence of friction of a relatively opposite 
character on its two faces, therefore, forms the natural starting point 
for an examination of the observed conditions.

It will be shown in the report that if a country divided like the COM­ 
STOCK area into parallel sheets experiences a dislocation on one of the 
partings under a compressive strain equal at each parting, a vertical 
cross-section will show a surface line represented by two logarithmic
equations:

y = A (m-* — l)—x tan 9 
y = A(l — m* ) + x tan #

in which A is one-half of the throw of the fault, and # is the angle 
which the re-axis makes with the original surface. The y-axis coincides
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with the dip line of the parting on which the fault occurs, and the origin 
is at the cropping of the' fault-fissure. The coordinates are rectangu­ 
lar. The correctness of this equation is confirmed by a very simple and 
satisfactory experiment. Fig. 22 shows a cross-section such as might 
result from a fault on the line Y A, supposing the onginal surface to have 
been level.

Flo 22.—Fault carve

The discussion is also extended to the case in which the compressive 
strain is not uniform, but varies proportionally to the distance from the 
fault-plane. This case also results in a logarithmic equation of a more 
complex character.

A discussion of the logarithmic equation as an expression of fault­ 
ing action leads to some very interesting results, some of which are as 
follows:

Where a fault of the class under discussion has occurred, and where 
the resulting surface has not been obscured by deep erosion, the origi­ 
nal surface can be reconstructed or calculated, and the amount of dis­ 
location determined. This is also true where more than one rock is 
involved.

Where, as is nearly always the case, the movement on the fault-plane 
is equivalent to a rise of the foot wall, the hanging wall seen in cross- 
section will assume the form of a sharp wedge, and this wedge will be 
very likely to yield to the compressive strain, and break across.

If the movement of the footwall on the fault-fissure were downward, 
a surface line would form, which is scarcely ever met with in nature, and 
the inference is that faults of this kind are of extreme rarity. This not 
only confirms the observations made in mines, but places the fact on a 
wide basis of observation.

If a fault, accompanied by compressive strain, takes place on a fissure
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in otherwise solid rock, the walls are likely either to be distorted, if they 
are composed of flexible material, or to be fissured into parallel plates 
if the material is rigid. In the latter case the sheets of rock will also 
arrange themselves on logarithmic curves.

If the intersection of a fault-fissure with the earth's surface is not a 
straight line, but is sinuous or broken, the secondary fissures will be 
parallel to the original one, and in the resulting surface each inflection 
of the trace of the fissure on the original surface concave toward the 
lower country will be represented on the faulted surface by a ravine, 
and each inflection convex towards the lower country will result on the 
faulted surface in a ridge. This is illustrated in Fig. 23, which is a con­ 
tour map of the country represented in Pig. 22, if the fault-fissure is sup­ 
posed to have intersected the original surface on the undulating line A B. 
There is also a direct relation between the contours of the footwall of 
such a fissure and the surface contours. If the original surface was a 
horizontal plane, the surface contours will be identical with the footwall 
contours. »

A fault may be the result of a single extensive movement, or of suc­ 
cessive slight movements in the same sense, with intervals of quies­ 
cence. It can be shown, with a high degree of probability, that the 
result of an intermittent dislocation will be sensibly the same as that 
of a continuous one.

FIB 23 —Vaulted surface

The theory, though worked out independently of the COMSTOOK, ap­ 
plies to it with much precision. Equations can be given representing 
very closely the surface line of a cross-section, the amount of the fault 
can be determined, etc. It can be shown that the erosion since the begin­ 
ning of the fault is very slight, that the canons of the range were pro­ 
duced by faulting, and have been- only slightly modified by erosion, 
whence the correspondence of the contours of the footwall with those 
of the surface. The east fissure is a result of the faulting, and the ore
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has been deposited since Washoe became a region of insignificant rain­ 
fall. The sheeted structure of the country is, in all probability, due to 
the fault.

It is, of course, most unlikely that the COMSTOOK is the only vein in 
which the 'deposition of ore is recent and has been accompanied by fault­ 
ing, and some conclusions as to the occurrence of veins in such cases 
may be welcome to some of the readers of this paper.

In a locality modified by faulting action under pressure the fact will 
appear in the parallelism of the exposed edges and faces of rock sheets. 
If erosion has not seriously modified the surface resulting from the fault­ 
ing action, the logarithmic curve will be recognizable to the observer 
looking in the direction of the strike.

The main cropping of the vein is to be sought at the point of inflec­ 
tion of the curve, which will be found nearly or exactly midway between 
the top and bottom of the hillside. One or more secondary vein-crop- 
pings should be looked for below the mam cropping, and these, so far 
as yield is concerned (but not in regard to location of claim), may prove 
even more important than the mam fissure.

The dip of the vein will be to the same quarter as the slope of the 
surface, but, of course, greater in amount. The flatter the surface curve 
the smaller the angle of dip will be. The mean strike will be nearly or 
quite at right angles to the direction of the spurs and ravines of the 
faulted area.

If, besides the movement of one or,other wall in the azimuth of the 
dip, there has been a dislocation in the direction of the strike, chimneys 
will open, all of them on the same side of the different ravines. Surface 
evidences will often enable the prospector to determine on which side 
the chimneys are to be found. On the barren sides evidences of crush­ 
ing and of closure of the fissure are probable.

The fissure is, more likely to have a constant dip (barring the second­ 
ary offshoots) than a constant strike, but, of course, irregularities of dip, 
like those iu strike, will open chambers which may be productive.

Offshoots into the hanging wall may occur at any depth, but none, 
except those near enough to the main cropping to reach the surface 
where it has a very considerable slope, are likely to be continuous.

Finally it is shown that the law of land slips is also capable of ex­ 
pression by logarithmic equations, and that a large part of the details 
of the topography of grassy hills is formed in obedience to this law.

OCCURRENCE AND SUCCESSION OP ROCKS.

Granite occurs on the surface only in a very limited area near the 
Red Jacket mine, but it is certain that it has a considerable underground 
development, for it has been struck at the Baltimore, the Bock Island, 
and by a tunnel to the southwest of the latter beyond the limits of the 
map.
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The granite is overlaid by metamorphic rocks, which, however, are 
less metamorphosed close to it than at a distance from it, and the prob­ 
abilities are that the sedimentary strata were laid down upon the mass­ 
ive rock. The sedimentary rocks are limestones, crystalline schists, 
and slate. They are badly broken and highly altered, and the search 
for fossils was not rewarded by success. The general geology of this 
part of the Great Basin, however, leaves little doubt that they are 
Mesozoic. A considerable area of metamorphics has been exposed in 
the southwest of the region by the erosion of the overlying eruptive 
masses. North and east of Silver City, however, the surface shows 
scarcely any metamorphics, while they play a large part in the under­ 
ground occurrences as far as the Yellow Jacket. In the Gold Hill mines 
black slates form the footwall of the lode. They are intensely colored 
with graphite, and often very highly charged with pyrite. They are 
frequently mistaken for "black dike," but a moment's inspection in a 
good light shows their sedimentary origin. The presence of such car­ 
bonaceous rocks at greater depths would explain the formation of 
hydrogen sulphide. There is also an obscure occurrence of metamor­ 
phic limestones in the Sierra Nevada mine between granular and mi­ 
caceous diorite. It appears to be conformable to the face of the gran­ 
ular diorite. The metamorphics in and about Gold Hill appear both 
to overlie and to underlie diorite, and there is little doubt that sedi­ 
mentary strata were present at the period of the diorite eruption.

Between the metamorphics and the quartz porphyry in the southwest 
portion of the area is a considerable extent of a black, crystalline rock, 
the relations of which are somewhat obscure. It has already been re­ 
ferred to as a metamorphic diorite. Cases of transition into distinctly 
metamorphic rocks no doubt occur, but none of an indubitable character 
were discovered. On the other hand, in some occurrences the rock is a 
distinct breccia, and bears a strong resemblance to augite-andesites or 
basalts. The point to which most weight has been given in determin­ 
ing its origin is its association with the quartz-porphyry, and the dis­ 
tinctly metamorphic rocks. It appears to be exposed wherever the 
quartz-porphyry is eroded, and is frequently also associated with under­ 
lying metamorphics. Its resemblance to a volcanic rock, too, is greatest 
on its upper surface, and its analysis shows a composition which would 
be strange for an eruptive diorite. Besides the surface occurrences, it 
is found particularly well developed in the Silver Hill mine.

The principal exposure of diorites is on the west of the LODE through 
Virginia City, but there are several outlying occurrences about the For- 
man Shaft^ and again far to the east at the Lady Bryan mine, which 
show that the underground development of the rock is a very extensive 
one. It forms the footwall of the LODE from the Yelloio Jacket north. 
The diorite is excessively uneven in its composition, and in almost any 
area of a hundred feet square several modifications are to be found. 
This fact, taken in connection with the microstructtire of the rock, is 
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pretty conclusive evidence that it has never reached a higher degree of 
fluidity than the plastic state. The varieties can be roughly classified 
as granular diorite, porphyritic-hornblendic diorite, and porpbyritic-mi- 
caceous diorite. But intermediate varieties are of constant occurrence. 
There seems, nevertheless, to be a certain amount of order in the dispo­ 
sition of the different varieties. Mount Davidson, from Bullion Eavine 
to Spanish Eavine, is almost altogether granular on the west of the 
LODE, but to the north and south of these limits porphyritic forms pre­ 
vail. In the neighborhood of the "Utah mine mica becomes the pre­ 
dominant bisilicate, and the last variety is also the one which occurs in 
the neighborhood of the Forman Shaft. How this orderly disposition 
of the various diorites came about is a somewhat obscure question.

The diabase appears but to a very trifling extent upon the surface, 
though it is by no means unlikely that an exposure of this rock occu­ 
pied the position now covered by Virginia City. Underground it is 
extensively developed from the Overman to the Sierra Nevada, and 
from the LODE to the Combination Shaft, as is seen in the cross-section on 
the Sutro Tunnel line, Plate LVII. Its great importance is due to the fact 
that all the productive bodies of the COMSTOCK h ave been intimately 
associated with it, as, indeed, are many of the famous silver mines of 
the world. This diabase is of a rather unusual character, being more 
than commonly porphyritic, and containing comparatively little augite, 
a trifle less than twenty per cent. In appearance it is often not dissim­ 
ilar to the andesites. but the resemblance does not extend to details. 
Almost the whole of this diabase is greatly decomposed, and has hith­ 
erto escaped recognition on that account.

Between the east country diabase and the west wall of the COMSTOCK 
occurs a thin dike, which has long been known as "black dike." It is 
only in the lower levels that fresh occurrences of this material have 
been met with. The "black dike" appears to be identical with the 
Mesozoic diabases of the Eastern States, from which it is scarcely 
distinguishable microscopically, macroscopically, or chemically. This 
younger diabase forms a remarkably thin and uniform dike, nowhere 
more than a few feet in thickness, extending from the Savage southward 
to the Overman, and then branching off to the southwest as far as the 
Caledonia shaft. This is the only dike in the district, in spite of the 
prevalence of eruptive rocks. Its presence shows that the fissure on 
which the COMSTOCK LODE afterward formed was first opened in pre-Ter- 
tiary times, and its uniform thickness shows that its intrusion antedates 
any considerable dislocation on the contact. This inference receives 
strong confirmation from the evidence already explained that the fault­ 
ing is a comparatively recent phenomenon.

The occurrence of the two diabases also goes a long way toward 
demonstrating the nature of the fork in the vein, which has always 
been a mysterious point in the geology of the lode. The prolongation 
of the "black dike" beyond Gold Hill is toward American Flat, whereas 
the older diabase extends in the direction of Silver City.
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Much the larger part of the surface of the district is occupied by 
andesites, of which there are three varieties distinguishable both litho- 
logically and geologically. These are a younger and a later hornblende- 
andesite, the latter of -which has hitherto been considered a trachyte, 
and an augite-andesite intermediate in age. The older hornblende- 
andesite has in part long been recognized as such and is deceptive only 
when highly decomposed. It occupies a belt immediately east of the 
older diabase (see Sutro Tunnel section), a large area on the heights 
immediately west of the diorites, and a considerable area at and north 
of Silver City. The latter occurrence is noteworthy for the unusual 
size of the hornblendes, which are sometimes several inches in length. 
The augite-andesite occupies a second belt of country east of the lode 
and beyond the earlier hornblende-andesite, and is also extensively 
developed to the north and south of the diorite. The Forman Shaft 
penetrates 1,200 feet of this rock before passing into the hornblende- 
andesite.

The reasons are given elsewhere for considering the rock heretofore 
regarded as trachyte to be an andesite. It is rough but soft and 
its red and purple colors and large glassy feldspars made the mistake 
an easy one. The Flowery Eange, the Sugar Loaf, Mount Emma, and 
Mount Eose, are all of this rock, which also occurs in two little patches 
close to the Sierra Nevada mine. These latter have been cut off from the 
quarry above the Utah by the erosion of Seven-Mile Canon. The 
patches of rock near the Combination Shaft and the new Yellow Jacket 
Shaft, which have sometimes been regarded as trachyte, are merely 
decomposed older hornblende-andesite.

The occurrence of basalt is exceedingly limited and is confined within 
the area of the map to two small localities, one at Silver City and the 
other a mile west of it. It is a fine, fresh, and typical basalt, but there 
is no evidence of any direct connection between its eruption and the 
vein phenomena,

CHEMISTRY.

The chemical history of the COMSTOCK is no doubt a very complex one, 
nor are there by any means sufficient 'data to trace it in detail. All 
that can be attempted here is to show that the results observed might 
iiaturally follow from highly probable causes.

The decomposition of the rocks shows three important features. The 
formation of pyrite from the bisilicates, the decomposition of the bisil- 
Lcates into chlorite (which is in part further altered to epidote), and a 
partial change of the feldspar.

The pyrite appears to have formed at the expense of the bisilicates. 
The really fresh rocks contain no pyrite, but minute crystals often occur 
in or attached to partially decomposed bisilicates. Sometimes distinct
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pseudomorphs of pyrite after augite or hornblende are visible, but this 
is not common because the average size of the pyrite crystals is about 
one-half that of their hosts. A macroscopical comparison, too, of series 
of rocks increasingly decomposed shows that the pyrite is to all appear­ 
ances associated with the bisilicates, and in extreme cases replaces them 
with an entire correspondence of distribution, so that the cumulative 
evidence is all in one direction. It is well known, that ferrous silicates 
in contact with waters charged with hydrogen sulphide prodnce pyrite.

The transformation of the bisilicates into chlorite is not obscure in its 
general features, though its details are far from clear ; like those of most 
similar decompositions chlorite is essentially a silicate of aluminium, 
iron, and magnesia. Chlorite contains, nearly equal quantities of alu­ 
mina and magnesia; whereas augite, for example, contains nearly four 
times as much of the protoxide base. If the amount of alumina is sup­ 
posed to remain unchanged, the alteration must be accompanied by a 
separation of all the lime and of the greater part of the silica and the 
magnesia. The relations of the other bisilicates to chlorite are similar 
and their conversion to chlorite is a familiar fact, particularly in the 
neighborhood of silver ores.

The triclinic feldspars of the Washoe District retain their strife and 
optical properties in a recognizable form much longer than the bisilicates. 
Among the mine rocks it is very rarely that bisilicates occur undecom- 
posed, bnt it is the exception when a slide of a tolerably hard rock does 
not show recognizable feldspars. When the feldspars are altered they 
are replaced by an aggregate of polarizing grains, which appear to be 
quartz and calcite with some opaque particles, but with no transparent 
amorphous material. Two generically distinct processes of decomposi­ 
tion of feldspar have hitherto been recognized. The one results in the 
formation of kaolin, or a less hydrous aluminium silicate. The other is 
characterized by the introduction of magnesia and a little water, and 
the separation of soda and lime. Everything seems to point to the lat­ 
ter change as the characteristic one in the Washoe District. Kaolin 
c^uld hardly be present in large quantities without being recognized 
microscopically. The analyses of the clays, too, show that when allow­ 
ance is made for the presence of hydrous chlorite there is not enongh 
water to correspond with any large percentage of kaolin. In fact the 
analyses of the clays so exactly correspond to the composition of the 
firm rocks that the great masses of clay evidently represent only eqnal 
volumes of disintegrated rock. On the other hand, the magnesia, which 
plays a part in the alternative decomposition of plagioclase, is fur­ 
nished by the conversion of the bisilicates to chlorite, the microscopical 
phenomena are just what might be expected, and the analyses corre­ 
spond. On the whole, therefore, it appears improbable that there has 
been any large amount of kaolinization in the Washoe District.

Epidote is very common on the surface, while under ground it seems 
rare and confined to the neighborhood of the fissure. The conversion
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of chlorite to epidote must be accompanied by a substitution of lime 
for magnesia, and by the conversion of ferrous to ferric oxide. It 
might very readily occur in the presence of solutions containing car­ 
bonic acid and free oxygen, or when surface waters mingled with waters 
rising from lower levels; for epidote is far less soluble than chlorite, and 
under these circumstances would form in obedience to the general law 
of precipitation. Its occurrence is usually compatible with this suppo­ 
sition, but it is not so decisive as to warrant a positive assertion that 
the conditions of its formation are those indicated.

As is well known, Prof. P. Sandberger has very ably maintained wbat 
is known as the lateral-secretion theory of ore deposits.* With a view 
to testing the probabilities of this theory, with reference to the Corn- 
stock, the rocks of the district have been assayed with all possible pre­ 
caution.! The rocks found to contain precious metals were also sepa­ 
rated by Thoulet's method, and the precious metals traced to their 
mineralogical source. The results of this investigation show many in­ 
teresting facts, among which are the following: The diabase shows a 
noteworthy contents in the precious metals, most of which is found in 
the augite. The decomposed diabase contains about half as much of 
these metals as the fresh rock. The relative quantities of gold and 
silver in the fresh and decomposed diabase correspond fairly well with 
the known composition of the COMSTOCK bullion. The total exposure 
of diabase is sufficient to account for far more bullion than has been 
extracted from the mines.

The gangne on the COMSTOCK is almost exclusively quartz, though cal- 
cite also occurs in limited areas. The ore minerals elude investigation 
for the most part because they are so finely disseminated as merely to 
stain the quartz, but it is fairly certain that they are principally argen- 
tite, and native silver and gold, accompanied in some cases by sulph- 
antimouides, etc. The chloride has rarely been identified. Where ore 
is found in diorite, or in contact with it, it is usually of low grade, and 
its value is chiefly in gold. The notably productive ore bodies have 
been found in contact with diabase, and they have yielded by weight 
about twenty times as much silver as gold.

It would perhaps be legitimate to infer from the chemical phenomena 
enumerated that waters charged with carbonic acid and hydrogen 
sulphide had played a considerable part on the COMSTOCK. This is not, 
however, a mere inference, for an advance boring on the 3,000' level of 
the Yellow Jacket struck a powerful stream of water at 3,065 feet (in the 
west country), which was heavily charged with hydrogen sulphide and 
had a temperature of 170° P., and there is equal evidence of the pres­ 
ence of carbonic acid in the water of the lower levels. A spring on the

* Berg und Huttenmansche Zeitung, vol. 39, 1880, 402 et antea.
tTho assays and separations were made by Mr. J. S. Curtis, United States geologist, 

who has had much experience as an asbayer He also superintended the mauufacturg 
of a special lot of litharge for this purpose.
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2,700' level of the Yellow Jacket, which showed a temperature of above 
150° F., was found to be depositing a sinter largely composed of car­ 
bonates.

Baron v. Eichthofen was of opinion that fluorine and chlorine had 
played a large part in the ore deposition on the COMSTOCK, and this the 
writer is not disposed to deny; but, on the other hand, it is plain that 
most of the phenomena are sufficiently accounted for on the supposition 
that the agents have been merely solutions of carbonic and hydrosulphu- 
ric acids. These reagents will attack the bisilicates and feldspars. The 
result would be carbonates and sulphides of metals, earths and alkalies, 
and free quartz; but quartz and the sulphides of the metals are soluble 
in solutions of carbonates and sulphides of the earths and alkalies, and 
the essential constituents of the ore might, therefore, readily be con­ 
veyed to openings in the vein where they wonld have been deposited 
on relief of pressure and diminution of temperature. Some of the 
physical conditions of the process will be elsewhere considered.

It has been claimed that the ore and quartz have been deposited by 
substitution for masses of country rock. This hypothesis is exceedingly 
doubtful on chemical grounds, but there is also at least one insuperable 
physical objection to it. In all processes involving the solution of angu­ 
lar bodies, it is a matter of common observation that points and corners 
which expose a greater surface than planes are first attacked, conse­ 
quently masses exposed to solution, substitution, weathering, and the 
like, always tend to spheroidal forms. Now, nothing is more common 
than to find masses of country rock included in the ore-bearing quartz. 
These masses are, iu all cases which have come under the observation 
of the writer, angular fragments, in form precisely such as result from 
a fresh fracture; not a single instance has been observed in which a 
spheroidal rock was surrounded by more and more polyhedral concentric 
shells of quartz and ore.

HEAT PHENOMENA OF THE LODE.

One of the famous peculiarities of the COMSTOCK LODE is the abnor­ 
mally high temperature which prevails in and near it. This manifested 
itself in the upper levels, and has increased with the depth. The present 
workings are intensely hot. The water which flooded the lower levels of 
the Gold Hill mines during the past winter had a temperature of 170° 
F. This water will cook food, and will destroy the human epidermis, so 
that a partial immersion in it is certain death. The air in the lower 
levels more or less nearly approaches the temperature of the water 
according to the amount of ventilation. The rapidity of the ventilation 
attained in the mines is something unknown elsewhere, yet deaths in 
ventilated workings from heat alone are common, and there are drifts
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which, without ventilation, the most seasoned miner cannot enter for a 
moment. Except where circulation of air is most rapid, and in localities 
not far removed from downcast shafts, the air is very nearly saturated 
with moisture. It is a serious question how far down it will be possible 
to push the mines in spite of the terrific heat.

The relation of the temperature to the depth from the surface is evi­ 
dently one of great interest, but not entirely simple. If the rock were 
wholly uniform in character and unfissured the relation of temperature 
to depth would be wholly regular, and would be represented by a 
curvilinear locus. As the source of the heat was approached the rate 
at which the temperature rose would rapidly increase, and under the 
ideal conditions supposed, it would be possible to deduce the constants 
of the equation and to calculate the position of the source of heat. 
But unless the source of heat were so close to the surface that the 
errors introduced by the presence of fissures, the lack of homogeneity 
of the rock, and the percolation of surface water, were insignificant in 
comparison with the rate of increase of the temperature, such a calcula­ 
tion would not be possible. A careful record of temperatures has been 
kept at three of the newer shafts to a depth of above 2,000 feet. On 
plotting these records as ordinates and the depths as abscissae no indi­ 
cation of regular curvature appears, being wholly obscured by the fluc­ 
tuations due to the disturbing causes mentioned. In other words, there 
is as yet nothing in the observations to show any but local divergences 
from a strict proportionality between depth and temperature. The 
source of heat must, consequently, lie at a very great distance from the 
surface as compared with the depth yet reached, and the curve is to be 
regarded as still sensibly coincident with its asymptote.

In order to eliminate the fluctuations of temperature as far as possi­ 
ble, Mr. Eeade and Dr. Barus have computed the observations made at 
the Forman, Combination, and New Yellow Jacket shafts by the method 
of least squares, and also, for comparison with them, the observations of 
Mr. J. A. Phillips at the Bosebridge Colliery. The report will contain 
the details for each of these localities. Here it is sufficient to state that 
the mean data for rock and water on the COMSTOCK result in the equation

t = 53.7 + 0.0327d 
while the Bosebridge Colliery observations result in the equation

t = 56 + 0.0150d 
* representing degrees F., and d the depth from the surface in feet.

Since no evidence of curvature can yet be traced in the locus repre­ 
senting the relations of temperature to depth, these equations may be 
expected to hold good for depths greatly exceeding the present, but if 
more than local variations occur at any depth they will be in the sense 
of a more rapid increase of temperature. Boiling water will probably 
be encountered on some parts of the COMSTOCK before the mines reach a 
depth of 5,000 feet, while the water of the Bosebri&ge Colliery will riot 
boil before twice that depth is attained,
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Two causes have been suggested in explanation of the high tempera­ 
ture of the COMSTOCK—the kaolinization of the feldspar contained in 
the country rock, and residual volcanic phenomena.

The theory that kaolinization is the cause of the heat appears to rest 
upon two positive grounds—that the solidification of water liberates heat 
and that flooded drifts have been observed to grow hotter. It is also 
claimed in favor of the kaolinization hypothesis that there is no evidence 
of any other chemical action proceeding with sufficient activity to afford 
an explanation, and that the retention of igneous heat in the rocks is a 
sheer impossibility; while the hypothesis that the heat is conveyed from 
some deep-seated source to the mines by means of currents of heated 
water is characterized as somewhat violent and as unnecessary.

So far as the present writer is aware, there are no theoretical gronnds 
upon which the heat involved in kaolinization can be estimated. The 
decomposition of feldspar into kaolin and other products (supposing 
kaolin to result from the decomposition of plagioclase) involves several 
processes, of which some are more likely to absorb than to liberate heat. 
But supposing an anhydrous aluminium silicate formed without loss of 
heat, the thermal results of its combination with water are by no means 
certain. Were the water contained in kaolin not water of hydration, 
but chemically combined, it would be possible from known experiments 
to compute approximately the heat which would be produced. It will 
be shown-in the report that the corresponding temperature would be 
so high as to be utterly at variance with known facts. The water is 
therefore the water of hydration. Of the heat involved in the hydra­ 
tion of salts we know that it is usually small, that it is sometimes nega­ 
tive, and that the different molecules of water combine with differing 
amounts of energy, but of the heat of hydration of kaolin we know 
nothing.

With a view to testing the theory of kaolinization as far as possible, 
Dr. Barus, at the writer's request, undertook some very delicate experi­ 
ments presently to be described. The result of these experiments, in a 
word, was that finely divided, almost fresh east country diabase, ex­ 
posed to the temperature of boiling water and the action of saturated 
aqueous vapor for a week at a time, and for several weeks in succession, 
showed no rise of temperature perceptible with an apparatus delicate 
to the TTffo- °f a degree 0.

It is by no means certain that kaolinization was effected by this ex­ 
periment. The particles of rock were indeed coated with a white pow­ 
dery substance, but in such small quantities that its nature could not 
be determined. It is still possible that when kaolinization occurs, heat 
is liberated. It is also possible that at temperatures above the boiling 
point and pressure greatly exceeding 760mm, feldspars are kaolmized; 
but it appears no longer reasonable to ascribe the heating of drifts, 
which are at nearly normal pressure, to the reaction on the rocks of 
water below the boiling point. The scene of active and heat-producing
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kaolinization, if it exists at all, must, therefore, be at remote depths. 
As was explained in a previous paragraph, the present examination 
has not resulted in tracing any considerable amount of kaolinization on 
the COMSTOCK; while, had the heat of the lode been maintained ever 
since its formation at the expense of the feldspars, but little undecom- 
posed feldspar could now remain. In short, while it cannot be demon­ 
strated that the heat of the COMSTOCK is not due to the prevalence, at 
unknown depths and pressures, of a chemical change of unknown ther­ 
mal relations, the writer has failed to find any proof that the heat of 
the COMSTOCK is due to kaolinization.

Of the origin of the heat of solfataras not very much is known; yet, 
as they commonly occur either as an accompaniment of volcanic activity, 
or in regions characterized by the strongest evidences of past volcanic 
activity, it is usual and seems rational to connect them as cause and 
effect, or as different effects of a common cause. There seem to be no 
special opportunities on the COMSTOCK for an elucidation of the whole 
theory of vulcanism, but considerable grounds for connecting the heat 
there manifested with that chain of phenomena.

That solfataric action, as commonly understood, once existed on the 
COMSTOCK is certain. That the time at which the LODE was charged 
with ore is not immeasurably removed from the present, appears to be 
demonstrated by the trifling character of the erosion which has since 
taken place. The water entering the bottom of the Neio Yellow Jacket 
shaft in the winter of 1880-'81, at a temperature of 170° F., was highly 
charged with hydrogen sulphide. The Steamboat Springs, only a few 
miles west of the GOMSTOCK, lie in a north and south line like the COM­ 
STOCK, close to the contact of ancient massive rocks and andesites. Some 
of them are boiling hot, are charged with solfataric gases, and are now 
depositing cinnabar and silica as at the time of Mr. Phillips'visit many 
years ago. Finally, there is reason to suppose that the hot waters of 
the COMSTOCK come from great depths.

No meteorological station exists at Virginia City, but the rainfall is 
so small that the country is a sage-brush desert, and the precipitation 
is insufficient to account for the water met with on the LODE. The main 
influx of water, and especially of hot water, is from the west wall, and 
when encountered it is fonnd under a head often of several hundred feet. 
Between the COMSTOCK and the main range of the Sierra Nevada, the 
whole country is covered by massive rocks, principally andesites, with 
occasional croppings of granite. The general structure of the country, 
and the exposures of sedimentary rocks in the mines, lead to the sup­ 
position that the underlying strata dip eastward, and the inference is 
that the COMSTOCK fissure taps water-ways leading from the crests of the 
great range. If the heat is conveyed to the LODE by waters from great 
depths, the variations in temperature are readily' explained. The dis­ 
tribution of the heated waters wonld be determined by the presence of 
cracks, fissures, and clay-seams, and the uniformity of distribution of
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heat would further be disturbed, even at considerable distances from the 
surface, by the infiltration of surface water. One published observa­ 
tion, which is important in this connection, is that a large proportion of 
the rocks in the Virginia mines are dry. This is very true in the sense 
in which dry is used in mining, i. e., there are many places where water 
does not drip from the walls; but the present examination has failed to 
reveal rocks which are not moist. Indeed, the occurrence of really desic­ 
cated rock thousands of feet below the surface, near vast quantities of 
water, would disprove the generalization of the perviousness of rocks, 
which is one of the best established in geology. Unless, therefore, very 
strong proof to the contrary can be adduced, the conduction of heat on 
the COMSTOCK: must be considered as taking place in moist rock.

THE LODE.

The detailed structure of the upper portion of the LODE was minutely 
and graphically described by Mr. King, and Mr. Church has followed 
the vein phenomena down to the 2,000-foot level. Below this point only 
one very small ore-body has been found, and the position of the vein is 
marked only by barren quartz or by a mere clay seam. The old upper 
workings, and many of those visited by Mr. Church, are now wholly 
inaccessible; and the present writer's task, so far as the mere description 
of the vein is concerned, is limited to showing what light is thrown on 
the recorded phenomena by the present investigation.

The COMSTOOK from the surface down is a remarkably regular fissure. 
This is shown by the close correspondence between the contours of the 
west wall and the lower levels with those of the surface near the LODE, 
and when the presence of a large fault is taken into consideration, is also 
indicated by the closeness with which the east wall follows the west 
in many parts of the mines. A most important feature near the surface 
was the existence of the east fissure, or, so called, Virginia vein. This 
was referred by v. Eichthofen to its proper cause, a fracture through 
the hanging wall, caused by faulting; and the present examination has 
shown how the edge of the east country came to assume a sharp wedge- 
like form, especially tavorable for the formation of a cross-fracture. 
Above the junction of the primary and secondary fissures both were 
largely occupied by quartz, but while the quartz of the main fissure car­ 
ried but little metal, concentrations of ore or bonanzas were plentifully 
distributed through the east fissure. Below the junction of the two the 
east as well as the west wall became regular in dip, and both have con­ 
tinued so ever since.

The secondary fissure and evidences of great fault extend from the 
lower portion of Gold Hill to the Sierra Nevada mine, as may be seen 
by reference to Mr. King's sections. Beyond these points the signs be­ 
come less marked, and the dislocation has been distributed. The true
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vein is probably to be considered as limited to the contact between 
diabase and the underlying rocks. To the north of the Union shaft a 
considerable extent of this contact seems to be still unexplored. The 
fissure which has been followed on the Sierra Nevada upper levels ap­ 
pears to be wholly in diorites, though a small stringer of diabase also oc­ 
curs here, and a similar one still further north, in the Utah mine, while 
the main contact between the dionte and the diabase swings off to the 
northeast in Union ground. So, too, to the sonth of the Overman there 
seem to be two fissijres. While the main productive ground has been 
at or close to the diabase contact, ore has been found at many other 
points in the district. The gold-quartz mines of Cedar Hill stand in 
such a relation to the COMSTOCK as proves, almost beyond a question, 
that they owe their existence to the same dynamical and chemical phe­ 
nomena, modified only by the lithological character of their walls. The 
Occidental lode is evidently referable to the same causes which produced 
the COMSTOCK, and it is probable that the numerous occurrences of ore 
on various contacts in the district (though they have seldom proved re­ 
munerative) have the same origin. It is possible that this may even be 
the case with the east and west veins in hornblende-andesite (at their 
croppings) which occur just north of Silver City. It is the combination 
of dynamical and lithological conditions, and of the chemical relations de­ 
pendent upon the latter, which, taken together, separate what is unani­ 
mously conceded to be the COMSTOCK LODE from the other ore-bearing 
formations of the district.

From the surface down, the filling of the vein has consisted essentially 
of more or less metalliferous quartz, with here and there a little calcite, 
broken and decomposed rock, and clay. The presence of rock and clay 
is easily accounted for when the method of formation of the vein is 
considered. The great horses near the top were masses broken from 
the east country, but innumerable smaller fragments must have formed 
at the same time, filling or more or less obstructing the fissure. It is 
certain that openings formed in this way would have been held open to 
a greater or less extent, at least within moderate distances below the 
surface, but it is also certain that a large amount of the rock would 
have been triturated. When decomposition set in, conversion of the 
finely-divided rock into clay would have followed. The decomposition 
of all the fragments, too, would be likely to be more energetic on the fis­ 
sure than elsewhere, on account of the activity of circulation. It may 
not be superfluous to repeat here that clays by no means necessarily 
contain any considerable percentage of kaolin.

The quartz was found to a very large extent in a highly crushed con 
dition, resembling nothing so much as ordinary commercial salt. Some 
doubt has been thrown on. the manner in which this fine division has 
been produced, though it has ordinarily been assumed to be the result 
of crushing. Samples mounted in balsam and examined under the 
microscope show that the material is composed of fractured crystalline
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quartz. The edges and points of the spiculse are sharp, and of course the 
crystalline character is perfectly evident in polarized light, while crystal 
faces as well as fractures are recognizable. Besides crushing, the only 
action which could have produced this state of division is some internal 
force, such as tension produced by heat. That such is not the cause, 
however, is demonstrated by the fact that bunches of crystals of con­ 
siderable size often occur, through each individual of which the same 
crack can be traced, showing a common arid an external force. Small 
vugs must have formerly existed where these crystals occur. Taking 
into consideration the brittle character of this mineral it can readily be 
shown that there was force enough available during the dislocation ot 
the country to effect its comminution. The eastern bodies are much 
more generally reduced to " sugar quartz," as it is commonly called, than 
the masses which lie near the west wall. This is as would be expected.

As has been seen, there is good reason for believing that the decom­ 
position of the east country has not been effected by surface waters. 
Granting this, it is almost necessary to suppose that at some depth or 
other there is a zone on the fissure which is closed water-tight; for 
were it otherwise the waters ascending from great depths would rise 
along the open fissure. Even at the levels already reached, the vein is 
in places only represented by a clay-seam, practically impervious to 
water, and as the liability to stoppage will certainly increase with the 
depth, it is by no means an extravagant supposition that further down 
ou some straight or sinuous line the fissure is impenetrable by water 
from one end to the other. As the east country is penetrated through­ 
out by capillary fissures, of which those parallel to the LODE probably 
possess great continuity, the heated waters entering the fissures below 
the stoppage would rise through the broken east country, but higher 
up would again tend towards the fissure as offering the path of least 
resistance.

The ore-bearing solutions must have taken the same course as those 
which decomposed the east country rock, and the vein must therefore 
have been filled through the east wall, even if the diabase is not re­ 
garded, as the source of the metals. Had the vein been filled through 
the fissure from great depths, "comb-structure" must have been visible 
in the ore on both walls, for while "comb-structure" may not be incom­ 
patible with lateral secretion, it can hardly be maintained that minerals 
would crystallize out from ascending solutions otherwise than on the 
sides of the fissure and on included fragments. This structure is actu­ 
ally visible on the OOMSTOOK, where narrow intervals between rock 
masses have induced such a method of deposition in miniature. On 
the other hand, a flow of mineralized solutions from the east country 
into the fissure would be exceedingly apt to interfere with the definite- 
ness of the east wall, both mechanically and chemically. In point of 
fact, as is well known, although the east wall is well defined in some 
places, it is often ill defined and sometimes indistinguishable. At the
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intersection of the Sutro Tunnel with the Savage claim nothing could be 
more perfect than the east wall, but this also happens to be the only 
spot discovered where a considerable mass of diabase exists in aii 
uudecomposed condition.

Unless, contrary to the conclusions to which this examination has 
led, a great mass of material has been eroded from the surface since 
the deposition of the ore, the ore-bearing solutions must have taken an 
upward con se, since remunerative ore was comparatively well distrib­ 
uted in the firs':; thousand feet of the LODE. If precipitation was the re­ 
sult of the decrease of temperature and pressure, the tendency to pre­ 
cipitation must evidently have been greater near the surface. In this 
connection it is worthy of note that the character of the ores in portions 
of the croppings differed from that of those found at greater depths, 
being to a much larger extent galena, blende, and sulphur salts.

Collectively, the various observations made, if they are correct and 
the inferences from them sound, throw considerable light on the history 
of the LODE. After the eruption of the diorite the first event of impor­ 
tance, so far as the vein is concerned, was the outburst of diabase, 
which involved a rupture and dislocation of the earlier diorite, leaving 
a smooth contact between the two rocks at an angle of about 43°. The 
contact was afterwards slightly opened to admit the younger diabase, 
or black dike. Eruptions of earlier hornblende-andesite and of augite- 
andesite afterwards occurred, which, probably produced fractures and 
dislocation in the eastern portion of the diabase, but have left no traces 
of action on the COMSTOCK fissure. The country was subsequently so 
eroded as to reduce the surface of these four rocks to a gently sloping 
plane, with an inclination of a little more than two degrees to the west. 
After the commencement of the dry period (dry, that is to say, so far as 
this region was concerned) a great movement began, which may possi­ 
bly have been a sinking of the hanging wall, but was more probably a 
rise of the foot wall. This dislocation involved an enormous friction, 
one result of which was a separation of the foot wall and the hanging 
wall for a long distance from the fissure into sheets parallel to it. A 
secondary effect of the same force was to form innumerable cracks in 
these sheets nearly perpendicular to their partings. The edge of the 
east country necessarily assumed the form of a wedge, and was broken 
completely through at a point a few hundred feet below that at which 
the primary fissure reached the surface. The total dislocation amounted 
to a, little less than 3,000* feet, measured on the dip of the fissure; but 
the movement was not effected continuously. After the secondary east 
fissure had been opened, large masses of ore-bearing quartz were depos­ 
ited by alkaline solutions of carbonates, sulphides, and silica flowing in 
from the east country. These were subsequently crushed by renewed

* This is distributed both in east and west country. At and near the Sutro Tunnel 
section, any point on the hanging wall of the fissure was originally opposite a point 
about 1,500 feet higher up on the foot wall, the distance being measured on the dip.
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movements of the walls. The nature of the ore-bearing solutions and 
of their contents no doubt varied from time to time. It is evident that 
currents following the same channels would gradually exhaust either 
the metalliferous minerals exposed to their action or the supply of the 
necessary alkaline solvent, and that a renewed movement would open 
up fresh material to attack. Pressure, too, if not temperature, may 
have varied from time to time. This necessary variation in the process 
of extraction sufficiently accounts for the great variety in the grade of 
the ore.

Most of the ore-bodies which have hitherto been discovered are situ­ 
ated in the east fissure. Prom the very nature of the case this opening 
must have been exceedingly irregular. Above it lay only the shat­ 
tered edge of the east country, approximately retaining its position 
only by gravity, while the mass of the east and west country were 
both in motion. The deposition of ore in this fissure was no doubt de­ 
pendent upon the disposition of openings, and it appears to the writer 
a hopeless attempt to reduce to order, either a posteriori or a priori, the 
openings which may have been left in this fissure at different stages 
of the fault. In a very general way they would have been more likely 
to occur opposite ravines than opposite ridges. And in an equally gen­ 
eral way such was the distribution of the ore-bodies in the east fissure. 
Two of the most important bonanzas have been found below the junc­ 
tion of the east fissure and the lode. One of them was in the Grown 
Point and Belcher, and the other was the famous body of the California 
and the Consolidated Virginia. The former appears to have been de­ 
posited in one of the ordinary lens-shaped openings which so frequently 
occur in all veins from a slight nonconformity of the walls. The latter 
appears to have had a somewhat different origin. A portion of the foot 
wall seems to have given way at this point, carrying a large amount of 
rock from the hanging wall with it, and the ore has been deposited in 
the space thus formed. Of course, the space referred to was not actually 
empty, but was filled with fragments, leaving considerable interstices 
between them. These fragments, however, after decomposition, acted 
as absorbents for the mineralized solutions, and became charged with 
argentiferous minerals. For the most part (with entire propriety) they 
have been mined and milled as ore.

No warning can be had of approach from above to a body of this 
character, because the attendant phenomena will be found below the 
ore, as in this case; and such bodies may occur at almost any point on 
a vein of which the hanging wall is like that of the COMSTOCK. Open­ 
ings of a related character, however, may not improbably occur at the 
bottom of masses of broken and dislocated rock. An enormous volume 
of such material exists at the contact of the diabase and the diorite all 
the way from the Gould & Curry to the Sierra Nevada; and nothing 
would be less surprising than the discovery of one or more ore-bodies 
at the lower portion of this mass. Perhaps the quickest way to reach
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them, if they exist, would be to sink immediately to the lower portion 
of the mass, where they are most likely to be found. Attendant upon 
the ore-bodies, and to the east of them, though perhaps somewhat below 
them, there will probably be areas of the east country more heavily 
charged with pyrite than usual, as has been the case opposite former 
bodies. The flooding of the Gold Hill mines during the past winter 
unfortunately prevented an examination of their lower levels, and 
nothing can therefore be said as to their probabilities.

The COMSTOCK is likely to be an ore-bearing vein as long as it contin­ 
ues to be the contact between a large body of diabase and the older 
rocks. Should a point be reached at which the diabase contracts to a 
narrow dike between diorite walls, the prospects will be less hopeful; 
but such a point, if it exists, may be many thousands of feet below the 
present workings.

On the Occidental lode scarcely any work was done during the pro­ 
gress of this investigation, and no considerable examination could be 
made of it. Its croppings are laid down on the map mainly to exhibit 
their remarkable parallelism to the COMSTOCK, and for the sake of con­ 
sequent inferences as to the structure of the whole intervening country. 
That the Occidental lode dips to the east at an angle similar to that of 
the COMSTOCK is certain, but whether the barren stringer cut by the 
Sutro Tunnel is really the Occidental lode is perhaps not unquestiona­ 
ble, nor are there any means known to the writer of settling this point 
until it has been more extensively explored.

PHTSICAL INVESTIGATIONS.

It is well known that Fox, Beich, and others made experiments of 
great interest upon the electrical phenomena of ore-bodies. Bernhard 
von Cotta earnestly recommended* that these experiments should be 
further pursued, as they seemed to him likely to lead to results of prac­ 
tical importance in the discovery of ore-bodies. If this recommendation 
has ever been followed out, no account of the investigation has been 
published. It was the writer's earnest desire to see the subject pursued, 
and Dr. Barus was invited to join the survey on account of his special 
fitness for this inquiry. All the plans and details of the electrical sur­ 
veys made are due to Dr. Barus, the general scope of the work and the 
localities only being prescribed; and a re"sum6 of his results is given 
below in his own words. Neither of the localities chosen were the best 
possible for the purpose. It was evidently necessary in such an Inquiry 
to begin by the examination of ore-bodies already exposed. At the date 
of the examination there was very little ore in sight on the COMSTOCK. 
At Eureka large bodies of ore were exposed, but being in an oxidized

* Erzlagerstaetten, part I, p. 238
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condition would be likely to give weaker currents than sulphides of sim 
ilar quantity and distribution. These two localities, however, were the 
only ones practically available, and at the same time accessible through 
extensive workings. The results are nevertheless of great interest, and 
a considerable advance has been made towards a solution. It is one of 
the plans for the future to repeat these experiments under more favora­ 
ble conditions. Dr. Barus also gives a summary of the experiments 
which he carried out on the subject of kaolinization, and which have been 
sufficiently alluded to in a foregoing paragraph.

ON THE ELECTRICAL ACTIVITY OF ORE-BODIES.

The discovery of local electrical currents in metalliferous veins is due 
to Fox. The remarkable results contained in his original paper (1830) 
suggested a series of subsequent experiments made by Fox himself and 
Henwood in England, von Strombeck and Eeich in Germany. In all of 
these, however, the results contained refer principally to the currents 
observed on joining with the prolonged terminals of a galvanometer 
two points lying at different distances apart on the same or different 
metalliferous veins.

Special mention is due to a second paper of Eeich (1844), insomuch 
as the author assumes that lode currents are hydroelectric, that con­ 
tiguous ore-bodies (or different kinds of ore in the same body) and the 
country rock have the same relation to each other as the metals and liquid 
of an ordinary galvanic cell, and that therefore—this is his main point— 
currents must exist in the rock itself. It would follow herefrom that im­ 
portant practical inferences might be drawn from a careful study of the 
latter, and it was with this conviction that Reich made a number of ex­ 
periments. Unfortunately he did not pursue his argument into its full 
consequences.

After this, further study of the subject seems to have been altogether 
abandoned; at least a published account of an attempt to advance our 
knowledge in this direction could not, with some pains, be found. We 
can hardly suppose, however, that during this long interval of upwards 
of 37 years no experiments should have been made. The matter is rather 
to be ascribed to the necessary non-concordance of interpretations made
from purely qualitative results, with facts.
*******

The problem offered is not apparently a difficult one, and consists 
simply in determining the variation of earth-potential at as many points 
within and in the vicinity of the ore-body as may be desirable; or, in 
other words, of tracing the equipotential surfaces in their contour aud 
position relative to it.

We are, however, able, a priori, to systematize the method of research, 
lu the first place, theNhypothesis that lode-currents, if present, are due



ELECTRICAL ACTIVITY OF ORE-BODIES. 321

to hydroelectric action is quite a safe and natural one. It is known 
that a number of ores—especially sulphides—possess metallic proper­ 
ties. The presence of two or more of these in the same ore-body is not 
an uncommon occurrence, and we are justified in anticipating electric 
action at their surfaces of contact. The currents thus generated have 
a very close analogy to those technically known as "local currents" in 
batteries, and which are due to impurities in the zinc.

In the second place, it is obvious that if currents are met with in a 
region of ore deposits, such currents, insomuch as electrical action has 
been going on for an indefinite period of time, must be constant, both 
in intensity and direction. The equipotentials corresponding to this 
flow will, therefore, have fixed and invariable positions relative to the 
ore-body.

Suppose, now, that from a point remote from the ore-body a line has 
been drawn towards it and prolonged beyond to about the same dis­ 
tance. It is not necessary for the present consideration that this line 
should actually pierce the deposit; only that certain of its parts are 
sufficiently near ore, and more so than its extreme points, and that it lies 
wholly within or upon the surface of the earth.

Suppose, moreover, that the ores are so associated as to generate 
electrical currents.

If, then, we commence at one end of our line and determine the values 
of earth-potential at consecutive, approximately equidistant points, it 
is obvious, insomuch as we pass by the seat of an electromotive force, 
or, in other words, through the field of sensible electrical action, that 
our progress from one extremity of the line to the other must be accom­ 
panied by a passage of the values of earth-potential corresponding, 
through a maximum or minimum, or both, or a number of such charac­ 
teristic variations. In short, we may regard the earth-potential at any 
point as a function of the distance of this point from the assumed origin 
of our line. The assertion that this function will pass through a charac­ 
teristic change of the kind specified is only another way of expressing 
that our line may be chosen so long, that in comparison with its extent, 
the field of sensible electrical action will be local, or its linear dimensions 
in the direction in question small. Maxima in a general sense are, 
therefore, to be regarded as criteria, and as indicating the part of the 
line nearest to the electrically active ore-body.

This is about the idea underlying the experiments made in the bonanza 
mines on the COMSTOCK LODE, Nevada, and in those of the Richmond 
Company, Eureka District. Nevada.

Practically, since we possess no means of measuring potential abso­ 
lutely, it will be sufficient to assume a value (zero) for one of the points 
of our series. The electromotive force between this and any of the other 
points is then the potential of the latter.

In making the actual measurements, the simple problem above enun­ 
ciated became quite complicated, because the small lode-electromotive 
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forces were distorted by a number of errors, which in the aggregate 
might possibly produce an effect in the same order. On the COMSTOCK, 
where the mines at the time were, without exception, working in very 
barren parts of the vein, no definite evidence of currents due to the lode 
itself was obtained. But even at Eureka, in spite of the enormous ore- 
bodies in sight, the range of variation of potential, corresponding to a 
distance of 2,000 feet, in the underground experiments very rarely reached 
0.1 volt; whereas usually this variation lay within a few hundredths 
volt. These limits, in a case where we have to do with such disturbances 
as action between terminals, polarization, earth currents (normal), bad 
insulation of circuit at any point, difference of potential between liquids 
in contact, incidental effects due to masses of metal—machines, tracks, 
turn-tables, water and air pipes, etc.—distributed throughout the mine 
are to be considered as comprehending a rather dangerously small inter­ 
val. This m atter is to be attributed to the earthy character of the Eureka 
ores. For the manner in which such discrepancies were to a large extent 
eliminated, the reader must be referred to the forthcoming report.

By way of example, the results obtained on the 600-foot level, west 
drift, Richmond mine, where the circumstances were particularly favor­ 
able, will be graphically given. The consecutive points tapped may be 
regarded as lying on a horizontal straight line, extending iu an east- 
westerly direction.

In the following figure, distance in feet is given as abscissa, the cor­ 
responding value of earth-potential in volts, as ordinate.

The line of points lay completely out of the ore-bodies, the latter 
occupying positions above and to the south of it, at a mean distance of 
several hundred feet, and extending from east to west about as far as 
is indicated by the heavy black line below the curve. This line of 
electrical survey passes from shale, probably free from ore, at its west­ 
ernmost extremity, into limestone, encountering therein a region of elec­ 
tric action to be attributed to the ore-bodies; but it does not pass through 
this region, local circumstances preventing. If we pass from west to 
east on the dotted prolongation of the heavy black line just mentioned, 
we shall find ore all along our path and finally get into the immense 
deposits of the Eureka Consolidated Mining Company.

Contact with the earth was secured at the points tapped by means of 
a closed bag of beefgut, containing a solution of zinc sulphate into which 
a strip of amalgamated zinc, forming the terminus of the metallic circuit, 
had been introduced. The bag during the experiments was placed in a 
suitable cylindrical hole drilled in the rock and filled with water. 
These terminals were exchanged twice for each observation.

It is to be especially borne in mind that with the exception of the 
first, in shale, the holes were in solid rock, in limestone throughout— 
a matter which has been indicated by the dotted line above the curve.

The results for earth-potential, now to be given, are the means of two 
independent sets of observations, the second of which was made at an
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interval of 130 days after the first, and agreed fairly with it. A variety 
of methods of measurement were employed.

The irregular progress of the curve is not due to such errors as might 
be supposed to result from the accidental condition of the holes in the 
rock. It was proved by using suitable terminals (bladders, otherwise 
like the above), which were allowed merely to recline against the walls 
of the drift, that the progress of the values of earth-potential in passing 
from hole to hole is continuous.

It is safe to regard this curve as containing an unknown disturbing 
effect, superimposed on the larger electrical effect-due to the ore-body 
itself.

In the experiments thus far made, the variation of potential along a 
single line of electric survey only has been determined. It is obvious, 
however, that in order to derive the full benefits from such a method a 
number of these surveys must be co-ordinated. We should endeavor by 
passing toward and from the ore-body, in all directions, actually to de­ 
termine the contours and position of the equipotential surfaces. It is 
not improbable that the interpretation of these results would give us 
clews for the economical exploitation of the mine, comparable in value 
to those of a purely geological character. Both should go hand in hand. 
Under ground, this general method of research is not always feasible, 
as it presupposes the mine to have been already widely exploited. On 
the surface of the earth, however, it may to some extent be applied. 
We here endeavor to obtain the traces of the equipotential surfaces on 
the former.

Suppose, for instance, that the potential at every point of a given 
part (several square miles) of the earth's surface were known. Then 
let this surface be projected on a fixed horizontal ("X I"") plane, and 
the value of earth-potential corresponding to each of the points be 
constructed as "Z." In this way we will obtain a new (potential) sur­ 
face, coextensive horizontally with the first.

Terrestrial electrical action would manifest itself upon our new surface 
as a whole and would, not affect its regularity. Local action, on the other 
hand, would produce an effect local and circumscribed in comparison 
with the horizontal extent of the area under consideration. We should 
expect to find a hillock or depression, or both, or a number of these va­ 
riegations in our imaginary potential surface.

The experiments made cannot be said to have settled the question as 
to whether lode currents will or will not be of practical assistance'to 
the prospector. Indeed, we cannot as yet even assert with full assur­ 
ance that the currents obtained are due to the ore-bodies. We have 
simply observed a local electrical effect, sufficiently coincident in posi­ 
tion with the ore-bodies themselves to warrant us to some extent in 
assuming that these contained the cause.

They certainly, however, give high encouragement to further research 
in this direction.
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ON THE THERMAL EFFECT OF KAOLINIZATION.

Mr. Church, has endeavored to accouiit for the heat of the COMSTOCK: 
LODE by assuming a thermal effect of kaolini/ation.

This view is new and ingenious, but unfortunately purely specula­ 
tive; for while, on the one hand, there is no direct evidence to support it, 
we have, on the other, to do with a process so complicated, so little under­ 
stood, that there is abundant room for difference of opinion.

To avoid ambiguity and vagueness, it will be well to give a quantita­ 
tive signification to the effect in question at the outstart. We will define 
the thermal effect of kaohnization (abbreviated T. E. K.) as the quan­ 
tity of beat generated by the action of aqueous vapor on the unit mass 
of the given feldspathic rock in the unit time. With this understanding, 
T. E. K. is then to be considered as a function of the percentage quan­ 
tity of feldspar originally contained in, and the temperature of the 
given rock, as well as of the time during which the action has been 
going on. A priori, T. E. K. may be either positive, zero, or negative.

The above theory having been enunciated in connection with the heat 
of the COMSTOCK, it became necessary to endeavor to see in how far its 
fundamental principle (i. e., T. E. K. positive) was in agreement with 
facts. In the second place, however, such a research was desirable 
because of the intrinsic interest which attaches to it.

Considered from a physical point of view, the question is quite a diffi­ 
cult one, and of a kind in which satisfactory results can only be reached 
by a process of gradual and laborious approximation. As T. E. K. will 
probably, even in the final experiments, escape detection, the problem 
may be more accurately said to consist in reducing the limits (respectively 
positive and negative) within which T. E. K. must lie to the smallest 
interval possible. Under all circumstances a mathematical analysis, 
based on some rational assumption of the dependence of T. U. K., for a 
given rock, on time and temperature, and utilizing the limits just men­ 
tioned, will be the last resort.

Our object, therefore, in making the qualitative experiments, briefly 
to be reviewed herewith, was more that of obtaining a precursory view 
of the difficulties which present themselves in actual practice than that 
of obtaining results of a decisive character.

In processes of the kind before us, the action may usually be accel­ 
erated by increasing the temperature at which it takes place; provided, 
of course, the latter is not chosen so high as to interfere with the prod­ 
ucts of decomposition resulting in a normal case. The idea was, there­ 
fore, to act on the rock with steam at a temperature from the boiling 
point of water upward. But, with the primitive facilities at our dis­ 
posal in Nevada, the experiments with superheated steam had to be 
abandoned.

The apparatus in which the rock was subjected to the action of steam
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(Fig. 25) so closely resembles that usually employed for the determina­ 
tion of the "boiling point" of thermometers that but a brief descrip­ 
tion will be necessary.

n

Fie 25 —Boiler used In kaoliuiiing

Steam is generated in the interior conical compartment tdoeu, the lid 
doe of which is removable from water to the level TOW, and passes through 
the hole o into the exterior compartment /«&/', jacketing the former, 
thence through the tubulures / and/' into the air. The lid ab can also 
be removed. The whole boiler is, moreover, covered with a thick 
(f-1 inch) layer of cotton batting. In the interior compartment, finally, 
the cylindrical leceptacle for the rock 7«fe, open at its top, having a prop­ 
erly strengthened wire-gauze bottom, and supported on a suitable tripod 
(not shown), 14 situated.
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The rock to be acted on was crashed fine and packed into hlc tightly, 
so that the atmosphere of steam enveloping it could reach the interior 
by a process of diffusion only, and that conveetive action from currents 
of steam passing through lik was not to be apprehended. The object 
was, in short, to allow the heat, possibly generated in the mass of rock 
in consequence of kaolinization, to accumulate.

The difference of temperature between the interior of the rock and 
that of the steam surrounding it was determined by the aid of a ther­ 
mopile, pqr (terminals omitted), consisting of three bismuth-platinum 
couples. The influence of fluctuations of the barometer — the incre­ 
ment of temperature of the junction r, in consequence, lagging behind 
that of p — may, in a long series of experiments (number of weeks), be 
eliminated mathematically.

If a and b are constants, e the thermoelectromotive force correspond­ 
ing to the temperatures T and t of the junctions r and p, respectively , 
we may put

T— t* a + b ( T+ t)"~

since b is very small, t is calculable wuh sufficient approximation from 
the mean barometric height during the interval in which the experi­ 
ments are made. Usually 2 bt is negligible (correction), e was meas­ 
ured by a method of compensation; a and b frequently rechecked; but 
it is undesirable to go into the diverse details necessary in measure­ 
ments of this kind here. The whole enabled the observer still to detect 
a variation of T— t as small as 0-001° 0.

The boiler was heated by two petroleum stoves (each containing two 
broad wicks), which could be replenished with oil, etc., without interfer­ 
ing to an appreciable extent with the flames. The water lost by evap­ 
oration was re-fed into the apparatus, drop by drop, through the tube 
cs, by means of a pneumatic arrangement (not shown) placed on the lid 
ab. A vertical glass tube, gg, the ends of which were in communication 
with the water and steam, respectively, of the interior compartment? 
indicated the height of the water-level.

The whole aim was to make the process a continuous one, and had it 
not been for accidents the nearly constant source of heat and nearly 
constant water-level would have enabled us to keep up an ebullition of 
nearly constant intensity for an indefinite period of time.

The rock used was earlier diabase from the hanging wall of the LODE 
" collected in the main Sutro Tunnel. It had undergone only a trifling 
amount of decomposition.

The experiments were continued during an interval of nearly Jive 
weeks, unfortunately with an accident between the first and second, and 
another between the second and third. On the average, three observa­ 
tions of T— t were made during each twenty-four hours.
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in order to derive a comprehensive view over the large number of 
obtained it will be sufficient to assume the empirical relation,

where « and p are constants to be calculated by the method of least 
squares, / the time in hours corresponding to any particular T— t, and 
dated from the commencement of the series of experiments to which 
the results belong. Under variation of a, an apparent thermal effect 
not due to kaolimzation may be conveniently understood.

For a a mean value of — 0.05°C was found. The interior of the rock 
was, therefore, invariably colder than the surrounding steam. It fol­ 
lows, also, that it is impossible, even after the lapse of a great interval 
of time, to heat so large a mass of material to an equal temperature 
throughout. The variation of « will add itself algebraically to /?; and 
unless the T. E. K, produces a comparatively large result, will entirely 
vitiate the signification of the latter constant.

/9 gives us nominally the rate of increase of the temperature of the 
interior of the rock in consequence of a T. U. K. Instead of reporting 
/9 however, it will be more perspicuous to give the corresponding rate 
B referred to a year as the unit, viz :

For reasons which will appear in the report, the experimental mate­ 
rial may be conveniently divided into two halves. In the first of these 
was found,

JB=+l°.6±0°.l 
in the second,

Herefrom it appears that the variation of « alone was observed. The 
values of B are to be regarded as an index of the errors incident to the 
method in its present form, and it is moreover probable that the effect 
of kaolmization is negligible in comparison therewith.

The limits set for the present article preclude a- discussion of this 
abnormal behavior of B. It may be well to add, however, that the 
experiments made have suggested the following mode of attacking the 
question :

A and B (Fig. 26) are two strong hermetically sealed receivers of 
metal similar in every respect and capable of Avithstandmg great in­ 
ternal pressures. With the exception of the cavities « and /9 below, 
both are completely filled with the same quantity of finely pulverized 
feldspar, this material being tightly packed. Into « a little water has 
been introduced, so that the whole space A is at all temperatures thor­ 
oughly permeated with aqueous vapor. B, on the contrary, has before 
sealing been well dried, and the interstices between the granules of 
feldspar contain dry air only.

A and B are placed in an appropriately jacketed elongated receiver, 
TTT, through which vapor at the boiling point of the liquid corre­ 
sponding continually circulates.
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A thermoelement can hardly be used with advantage here, as the 
couple chosen would either be insufficiently sensitive, or else give rise 
to too many experimental complications. A resistance thermometer* 
has therefore been substituted. The bridge adjustment, diagraminat- 
ically added, explains itself.

FIG 20 —Proposed appai atua foi expei iments on kaolmuatum

The wire ab (for interpolation) had best be wrapped, after the ingeni­ 
ous manner of Kohlrausch, on a correspondingly grooved cylinder of 
serpentine, whence it projects outward much like the threads of a screw. 
In this way the apparatus becomes more compendious, and the whole 
may be easily so modified as to admit of complete submersion 111 an oil 
bath. B and B1 are adjusted so as to correspond to the approximately 
equal resistance (fine platinum wire) in A and B, and the whole prob­ 
lem is reduced to a measurement of lengths, etc.

The method just described is advantageous in the following respects:
1. Both electric thermometers (respectively junctions of the thermoele­ 

ment) are plaeed in and heated under circumstances as nearly identical 
as practicable.

2. The thermometer is in very intimate contact with the pulverized 
feldspar.

•Confer remarkable results of Prol. S. P. Langley, Beibl. 3, 1881, p 191. Chem. 
Newb, 43, 1881, p. 6 & 7; Am. Journal, March, 1881, p 187. Tlie problem winch Pro­ 
fessor Langley proposed to himself is, however, some what different from the oneoccm- 
ring heie It will be remembered, moreover, that the difficulty encounteied in the 
present case is more that of obtaining a sufficiently constant temperature than of 
measuring the same.
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3. T. E. K. may be studied in its relation to temperature. (Confer 
remarks above.) To this effect the region' T T T is to be heated con­ 
secutively with steam (100°C.), aniline vapor 185°, etc.

4. A disposition by which C02 may be allowed to act on the rock 
simultaneously with aqueous vapor is easily made.

5. Although a change of mechanical state ("after-action") of the 
spirals in A and S is of more serious consequence here, than in the case 
of a thermoelement, we have on the other hand the advantage of being 
able to examine each of them electrically, while the experiment is in 
progress.
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LETTER OF TRANSMITTAL.

NEW YORK, November 1,1881. 
Hon. J. W. POWELL,

Director of the U. 8. Geological Survey, Washington, D. C. :
SIR: I have the honor herewith to transmit a tabulated statement of 

the production of the precious metals in the United States for the cen­ 
sus year, between June 1, 1879, and May 31, 1880. This statistical 
statement is offered in advance of my report upon the production of the 
precious metals on account of its immediate interest to legislators, finan­ 
ciers, and metallists. It will form the concluding chapter of a forth­ 
coming volume devoted to the technological aspect of the precious metal 
industry. That volume will contain an elaborate discussion of the dis­ 
tribution of precious metal mines and their methods of exploitation, 
together with abundant data on the mechanical, chemical, and metal­ 
lurgical processes employed in the industry, all classified and treated 
from a statistical point of view.
- For the purposes of the present publication, it is only necessary to 
report the organization and personnel of the investigation.

The general direction of this branch of the census inquiry was com­ 
mitted by the Superintendent of Census to the undersigned, then 
Director of the United States Geological Survey.

For purposes of convenient administration, I divided the United 
States into three leading divisions :

The division of the Pacific, consisting of the States of California, 
Hevada, and Oregon, and the Territories of Arizona, Idaho, Utah, and 
Washington; an area made up of the States and Territories bordering 
on the Pacific Ocean and the political divisions of the Great Basin. The 
leading reason for this arbitrary grouping of political divisions is that 
they are for the most part tributary to the great mining center of San 
Francisco. A very large portion of the capital employed and of the 
personal ownership center in San Francisco, which is also the source 
whence the greater part of the mining machinery, appliances, and ma­ 
terials are drawn.

PERSONNEL OF THE PACIFIC DIVISION.

The headquarters of this division was placed in San Francisco, and 
the direction of the work confided to Mr. George F. Becker, United 
States Geological Survey, geologist in charge of the Pacific division.

Mr. J. M. Cunningham, for the eastern portions of Washington and 
Oregon, and the northeastern part of California.
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Mr. J. S. Curtis, Nevada, south of the line of the Central Pacific 
Eailway.

Mr. J. H. Hammond, central and eastern counties of California.
Mr. D. B. Huntley, Utah, Southwestern Nevada, and portions of Cal­ 

ifornia.
Mr. H. W. Leavens, the tract lying west of the Cascade and Coast 

ranges in Washington, Oregon, and Northern California.
Mr. Walter Nordhoff, Southeastern and Middle Arizona.
Mr. H. W. Sander, Western Arizona.
Mr. Lnther Wagoner, Southern California.
Mr. Albert Williams, jr., Idaho, Nevada north of the Central Pacific 

Eailway, and the Comstock lode.

PERSONNEL OF THE DIVISION OF THE ROCKY MOUNTAINS.

The division of the Bocky Mountains adjoins the division of the Pa­ 
cific on the east, and extends eastward as far as the 100th meridian, in­ 
cluding the State of Colorado and the Territories of Dakota, Montana, 
New Mexico, and Wyoming. At the head of this division was placed 
Mr. S. P. Bmmons, United States Geological Survey, geologist in charge, 
with headquarters at Denver.

Mr. W. B. Fisher, portions of Lake, Chaffee, Clear Creek, and Gilpin 
Counties, in Colorado, and Beaverhead County, in Montana.

Mr. William Foster, Montana and Wyoming.
Mr. J. B. Hardman, the smelting works in Lake County, Park and 

Summit Counties, and portions of Clear Creek and Gilpin Counties, in 
Colorado.

Mr. Charles Potter, New Mexico.
Mr. B. H. Schaeffle, Dakota and portions of Colorado.
Mr. W. G. Sharp, San Juan, Hinsdale, Gunnison, La Plata, Huer- 

fano, Ouray, and Rio Grande Counties in Colorado, and portions of New „ 
Mexico.

In addition to the census experts the following-named gentlemen acted 
as temporary assistants: Messrs. Herman Garlichs, J. C. Hine, H. B. 
Price, H. L. Simmons, and W. H. Whittlesey, in Colorado, and W. F. 
Wheeler, in Montana.

PERSONNEL OF THE EASTERN DIVISION.

The eastern division comprises the whole territory lying east of the 
100th meridian. Prof. Eaphael Pumpelly, United States Geological 
Survey, was placed in charge, with headquarters at Newport, E. I.

Mr. George H. Bldridge, Southern States and reduction works east of 
the 100th meridian.

Prof. N. S. Shaler, with the assistance of Messrs. Joseph M. Wilson 
and J. B. Wolff, New Bngland States.
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To each of these three chiefs of division was committed the respon­ 
sibility of choosing his own assistants, who were in due form appointed 
by the Superintendent of Census as special experts.

All the leading precious-metal districts of the United States were 
visited by the corps of experts, and their observations were entered in 
the field upon a uniform system of printed schedules.

The following list shows the number and character of reports returned, 
which form the basis of the statistical tables in this publication:
Deep mines.-.-. .--. ........... ........................................... 1,967
Placer mines........ ..................................... ...... ........... 325
Amalgamating mills, concentration worts, chlonnation and leaching establish­ 

ments --....-...-.-..---.....-----.-......-.-....--.--..---. .-.--.--...-.- 327
Smelting works..... .....---..-..-........... .--.. ......... ............ 86
Arrastras..-......... --...........-...-........-..-.-....---.. ............ 25

Total number of reports.................... ... ..... .......... ..... 2,730
The entire work of compilation and tabulation has been performed 

under the personal direction of Mr. Albert Williams, jr., special expert 
in charge of compilation.

Very respectfully, your obedient servant,
CLARENCE KING.





PRODUCTION OF THE PRECIOUS METALS.

BY CLARENCE KING.

METHOD FOLLOWED IN COMPILATION.

Three principal methods have been adopted by statisticians in study­ 
ing the bullion production of the United States.

The first and most obvious plan has been to use as a basis the receipts 
of domestic bullion reported by the several mints and United States 
assay offices, ascertaining the probable total product by adding to the 
figures thus obtained the amount shipped abroad, as shown by the cus­ 
tom-house returns, and the probable amount consumed in the arts. The 
objections to this method are: The amount coined within a certain 
period does not necessarily correspond to the production for that period. 
In the same way the proportion of the domestic product exported may 
be largely affected by the stock of precious metals on hand at any given 
time. Both of these variations depend primarily upon fluctuations in 
the bullion market and international balance of trade. An average of 
a long series of years would give tolerably accurate results, but for any 
stated period, the figures of coinage, export, and consumption in the 
arts are apt to be deceptive.

Assuming the source of the bullion deposited at the mints to be cor­ 
rectly stated, there are still serious and unavoidable defects in the cus­ 
tom-house statistics, notwithstanding the care taken to secure accuracy. 
"So account is taken of bullion transported overland into Canada, nor 
are the export figures for dore" bullion, base bullion, ores, and matte 
shipped abroad always to be depended upon. This difficulty is particu­ 
larly manifested in the last three instances. The regulations prescribed 
by the custom-house authorities are not followed by penalties sufficient 
to insure accurate invoicing of the values thus exported. It is well 
known that during the period of intense speculation in gold a very large 
proportion of both receipts and exports even of gold coin was entirely 
hidden from official scrutiny, with a still greater margin in the bullion 
movement; and although the inducements to a concealment of the actual 
movement do not now exist in the same force, it is still doubtful whether 
the official figures are entirely reliable. A less important source of 
error is the undisputed fact that not infrequently bullion of domestic
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production, after having been shipped abroad, is, from changes in the 
silver-bullion market or from the necessities of coinage, reimported into 
the United States.

It will thus be seen that the best results which can be hoped for from 
the most careful application of the " consumption and export" method 
are close approximations extending over considerable periods, but not 
the exact product for any given year. The system also fails to segregate 
the yield according to the productive source; and while the geographi­ 
cal distribution by State and Territorial lines may be shown, it is hardly 
possible to carry the analysis further and ascertain in this way the yield 
of single districts or even counties.

The Director of the Mint has examined the bullion product of the 
country critically from the "consumption and export" point of view, 
employing as a supplementary means of information the details obtain­ 
able by correspondence and circulars scattered through the mining dis­ 
tricts. The substantial accuracy of the estimates of the total production 
thus reached has been fully borne out by the results of the present in­ 
vestigation.

The second, or "transportation," method consists in estimating the 
product from the statistics of the express companies, freight lines, and 
banks which have the handling of the product from its original sources. 
This plan would give more satisfactory results if, in the first place, all 
the bullion, ores, etc., were transported from the producing points 
through these different channels alone; and if, in the second place, none 
of the product were reshipped from point to point, and thus twice re­ 
corded. As a matter of fact, there is a considerable portion of the gold 
yield sent through the mails as registered matter, and a large propor­ 
tion passes from the productive source into the market through private 
channels. Both of these means of conveyance are affected by proxim­ 
ity to main lines of communication, or, on the other hand, by the ab­ 
sence of express or railroad facilities; and in neither can the exact effect 
of these circumstances be very definitely counted upon. In the Pacific 
States and Territories the great bulk of the mine output is handled by 
Wells, Fargo & Co.'s express, and upon the detailed returns of the 
many offices of this company Mr. J. J. Valentine, general superintend­ 
ent, has been enabled to furnish very valuable estimates of the bullion 
production, covering a long series of years. The business connections 
of this express company in portions of the country not covered by their 
agencies have rendered it possible for Mr. Valentine to frame approxi­ 
mate estimates of the product of the mining territory outside of 
that from which Wells, Fargo & Co. are the principal transporters of 
bullion. But the impossibility of assigning to other channels the due 
proportion of the outflow through them; the fact that no record is made 
of the value of the gold bullion and dust sent through the mails; that 
no reliable allowance can be made for the undervaluation of gold dust 
and unassayed bullion by consignors, amounting in many cases to from
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five to ten per cent.; that there is no satisfactory means of checking 
the reshipments which are twice or more times recorded, combine to 
create a large margin which can hardly be definitely accounted for in 
making the total estimates. The looseness in the distinction observed 
between silver bullion and dore" metal allows a considerable portion of 
the gold contents of dore" bullion to escape the record, the whole value 
of such bars often being credited to silver; while, on the other hand, of 
course no account is taken of the value of the silver alloyed with placer 
dust and gold bullion, though this is a less important source of error. 
Notwithstanding these palpable but unavoidable defects in the system, 
mnch credit is due Mr. Valentine for the painstaking care with which 
he has prepared his annual estimates.

The third system is one which, were it practicable to pursue into com­ 
plete details, would lead to results more satisfactory than could be ob­ 
tained in any other way. This may be termed the direct method. It 
would consist, if properly carried out, in obtaining from each bullion 
producer a statement of the quota contributed. The aggregate of the 
details thns reached would represent the actual total product of the 
country, and would, moreover, segregate it according to districts. In 
the census work conducted by the United States Geological Survey, the 
plan indicated has been followed to as minute detail as it was possible 
to extend it with the means at command. No attempt had ever been 
previously made which aimed at securing individual returns throughout 
the whole United States with the same degree of thoroughness; though 
the successful adoption of the direct method by Mr. A. Del Mar, in "his 
investigation of the silver product of Nevada in 1876, showed the advan­ 
tages of the plan. But even with all the care and time expended by the 
experts engaged in collecting these statistics, it was found to be im­ 
practicable to do more than obtain returns from the larger producers. 
In some instances well-based and careful estimates were submitted by 
the experts, covering aggregates of a large number of small mines, for 
whole districts. In other cases, and more especially so in portions of 
the country where placer-mining on a small scale furnished a large pro­ 
portion of the yield, reliance had to be placed on extraneous data.

The chief obstacles encountered in the collection of bullion statistics 
directly from the producers were—

First. The wide extent of the field to be covered, and the vast number 
of mines to be reported upon. Even were the mines located in easily 
accessible places, the wide range of territory over which they are scat­ 
tered would render the labor of personally visiting each productive dis­ 
trict a tedious matter. But when it is considered that they are for the 
most part to be found in rugged mountainous tracts, often at high alti­ 
tudes, and, when destitute of railroad communication, to be reached 
only by stage or on horseback, some idea may be gathered of the amount 
of work involved.

Second. The fact that a considerable yield is derived from small mines,
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the product from each of which, however insignificant in itself, goes to 
form part of an important aggregate, and should not be neglected.

Third. The reluctance of some mine owners and superintendents to 
give a full account of their operations, notwithstanding the strictly con­ 
fidential manner in which these individual statements have been treated. 
On explanation of the purposes for which the statistics were collected, 
such objections were in most cases overruled, however, and invariably 
great courtesy was personally manifested.

Fourth. The fact that in a large majority of cases no systematic ac­ 
counts are kept by mine owners, who were often unable to state from 
memory the precise output of their properties for a period which had 
elapsed some time before the inquiry was made.

Fifth. Many mines having changed hands during the census year, it 
was frequently impossible to obtain from the present holders a statement 
of the operations conducted prior to the change in ownership, or to com­ 
municate with the former owners if they had removed.

Sixth. When in the case of mines worked during only a portion of the 
census year, or during a season limited by the weather, water supply, 
or other causes, operations had been suspended at the time the district 
was visited by the examining expert, it was often impracticable to com­ 
municate with the only persons able to supply information.

Seventh. The variation in the fiscal year of the incorporated companies 
makes it a matter of much difficulty to reduce the returns to a different 
period from that for which the books are kept.

With means still less adequate than were lately at command, the 
census authorities in 1870 found it impossible to trace the bullion 
product of the country at that time. The best results reached by the 
deputy marshals in certain instances hardly amounted to a moiety of 
the actual product, as known through other sources of information. In 
the case of the census of 1880, even with greatly increased facilities, 
there were many gaps in the testimony, which had to be filled out by 
estimates derived from other data than those collected directly by the 
experts. Where such estimates have been applied in the tabulation, 
they have been indicated by an asterisk (*). In all cases a careful scru­ 
tiny has been exercised in the selection and comparison of material. It 
is believed, in view of the more extended and fuller details accessible, 
as compared with previous researches of the same nature, that the re­ 
sults arrived at in this compilation are as close an approximation to 
absolute accuracy as it is possible to attain without a far greater expend- 

.iture of money and time than the subject demands.
In compiling the material at hand the following system was adopted: 

The returns given in the individual mine schedules were first abstracted 
and grouped into aggregates for districts. Information as to the opera­ 
tions of the different establishments being in many cases confidential, 
publication of the results begins in the census report with the district 
exhibits, which, in the following pages, have been condensed into tables
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for counties, and finally into abstracts for whole States and Territories. 
Where a marked discrepancy existed between the schedule returns and 
other reliable data, the necessary additions were entered and' the fact 
that they were estimates indicated. - It is hardly necessary to remark 
that the schedules would show deficiencies rather than an excess as 
compared with correlative data. At the same time the schedules of re­ 
duction works were examined, and furnished a valuable check upon the 
figures derived from the mine reports. In some instances the yield was 
quoted in ounces of fine metal, as is customary in localities where the 
ore is reduced by smelting; in others, in ounces of crude bullion, as in 
the case of placer gold; in still others, in dollars calculated from the 
assay value of the bullion; and more rarely, in dollars representing the 
net proceeds after deducting the discount, upon silver and other charges. 
In order to present the whole in harmonious shape, it became necessary 
to reduce these various denominations to a uniform standard. That 
adopted is the troy ounce of fine metal and its assay value in United 
States money. The terms are interchangeable and appear side by side 
in the tables of production. As a preliminary step a series of conversion 
tables were prepared.

CLASSIFICATION OP MINES.

Mines of the precious metals are grouped under two comprehensive 
heads: deep mines and placer mines. The former are workings in pri­ 
mary deposits, in which the ore usually, though not invariably, occurs in 
a vein, and while the earlier operations in mines of this class may begin 
at or near the outcrop of the vein, the tendency is always downward. 
The leading varieties of deep mines are:

1. Mines of free gold, or gold alloyed with a small proportion of silver.
2. Mines of silver ores, containing only traces of gold.
3. Mines yielding dore" bullion from milling ores containing both gold 

and silver in appreciable quantities.
4. Mines yielding base bullion from smelting ores in which the precious 

metals are associated with larger quantities of lead, copper, etc.
All these divisions shade imperceptibly into each other.
Placer or gravel mines are workings in secondary or fragmentary gold 

deposits, including gravels and sands, and are either surface or shallow 
workings. The leading types are:

1. Hydraulic mines.
2. Dry washings.
3. Booming and shovel-sluicing.
4. River mines. 
6. Pocket mines. 
C. Drift mines.
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7. Branch mines.
8. Black sand littoral deposits.
In the tables of production the classification under these two mam 

heads is observed.

CLASSIFICATION OF REDUCTION WORKS.

In some of the following tables a distinction is made between the 
production as shown by the different reduction works, which, like the 
mines, are divided into two principal classes. These are, first, amal­ 
gamating mills, including —

1. Gold-quartz mills.
2. Mills in which silver ore is treated in the raw state.
3. Mills in which roasting is practiced before amalgamation.
4. Concentration works.
5. Chlorination and leaching establishments.
6. Arrastras.
The second class includes the several varieties of smelting works in 

•which the production of base bullion, matte or speiss is a preliminary 
step toward the final extraction of the precious metals.

Placer mines, with the exception of pocket mines and branch mines, 
require no reducing process; and in the two exceptions named the mill 
process is not always a necessary concomitant ; in the former, in fact, 
but rarely. Various systems of reduction by chlorination and amal­ 
gamation have also been applied to black-sand deposits and refractory 
conglomerates containing placer gold, but not to an extent affecting 
the general principle of classification here maintained.

. — In each of the tables of production and throughout this dis­ 
cussion the following explanations apply :

The short ton of 2,000 pounds is invariably used.
The ore tonnage is stated in gross tons; the assay values are of net 

tons, without allowance for moisture.
Mint values are assumed in all cases. The weight of bullion is given 

in troy ounces of fine metal. The gold ounce is taken at $20.671834 
and the silver ounce at $1.2929. A statement of the estimated market 
value of the silver is elsewhere appended.

No account is taken of the value of the silver alloyed with placer 
gold in the primary production tables, as, with very few exceptions, no 
allowance is made for it in selling. This is treated of separately and 
the proper addition made in the final summary.

The bullion yield is given according to the county in which the ore 
producing it was raised, without regard to the locality where the ore 
was reduced. This method of stating the product apportions it with 
reference to the original source so far as it is practicable to trace it.
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Were the yield to be credited to the reduction works, Omaha, Chicago, 
Saint Louis, Newark, Hew York, and other points remote from the mines, 
would appear as large producing centers.

Individual estimated amounts are designated by an asterisk (*), and 
where such estimates form a considerable proportion of the totals the 
fact is similarly indicated.]

STATISTICS OF THE PACIFIC DIVISION.

CALrFOKNIA.

In production of gold California still holds the first place. The vast 
deposits of auriferous gravel continue to yield largely, though their 
final exhaustion, in view of the enormous hydraulic operations now 
being prosecuted, is to be looked for at no very distant day. Previous 
to the discovery of the Bodie district the placer mines furnished more 
than two-thirds of the total gold output of the State, but the largo 
yield of that district, amounting to ove°r two and three-quarter millions 
in gold during the year, in addition to the considerable silver product, 
has placed the deep mines about on a par with the placers in point of 
productiveness. The amount of silver contributed by California is rela­ 
tively small, and comes mainly from two adjoining counties, Inyo and 
Mono. -

There are a larger number of actively working mines in California 
than in any other State or Territory, as, owing to the settled condition, 
transportation facilities, and comparative cheapness of labor and sup­ 
plies, it is possible to mine deposits of lower grade than could be made 
profitable in localities having less advantages of position. The result is 
that there are, besides a few large incorporated companies, a great many 
mining properties worked on the small scale, but still profitably, by in­ 
dividual owners. . The collection of accurate statistics regarding these 
smaller claims is a very tedious and also somewhat uncertain matter. 
Schedule returns were received from 128 deep mines, 147 placer mines, 
57 amalgamating mills, concentration and leaching works, 9 arrastras, 
and 4 smelting works in this State. These include most of the more 
important establishments, and are supplemented by general reports cov­ 
ering in some cases whole districts. But, with all the care taken by the 
census experts to thoroughly cover the ground, the subject was by no 
means exhausted, and in several cases in the accompanying tabulation 
resort has been had to information from outside sources.

California furnishes 71.47 per cent, of the total placer product of the 
United States, and 40.09 per cent, of the total gold product of the deep 
mines, or 51.38 per cent, of the total gold product of the country (from
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all sources). The yield in silver, however, is only 2.80 per cent, of the 
total, California standing sixth in rank as a producer of the latter 
metal. In proportion to its area, again, California leads in production 
of gold, with an average of $108.30 per square mile; is sixth in its silver 
yield of $6.84 per square mile; and third as to its output of both metals, 
$115.14 per square mile. As the population of the State has largely in­ 
creased, while the mine production has remained nearly at a standstill 
for some years, the showing in relation to population is less favorable, 
the yield of gold being only $19.84, silver, $1.25, and that of both the 
precious metals only $21.09 per capita, placing California fifth as to gold, 
and eighth as to silver and the total, in the rank of the States. The 
prosperity of the State is not, however, dependent upon its mines in 
the same degree as formerly, agriculture and manufacturing having out­ 
stripped the earlier industry.

TABLE I.—CALIFORNIA—Production of deep mines for the year ending May 31, 1880.

County

Manposa ...

SanBernardmo .. 
San Diego .....

Trinity...........
Tuolumne ... . ... 

Total ..... .-
Additional produo- 

tion, estimated 
from transporta­ 
tion statistics ..

Grand total ...

Ore raised during census year.

Tons.

114, 618 
42, 628 
4,520 

578 
8,714 
2,079 

200 
16, 600 
57, 211 
68,433 
3,000 

113, 879 
489 

16, 513 
8,010 

22, 290 
800 

10, 406
479, 028 

*65, 213

544,241

Average assay value 
per ton

I
Dolls

14 62 
10 74 
26 76 

150 00 
5 01 

21 08
ii io
51 95 
21 91 
25 00 
9 03 

20 45 
22 36 

*15 96 
12 20 

*35 00 
15 11
1884 

"1884
18 84

1 a

Dolls

.....

13 0069 ee
63 

160 00

ib'59
49

""09 
170 90nsi'is'

44"as"

284 

*2 84
2 84

T3 
£S3

FT) >°~3 
a

Dolls

14 62 
10 74 
26 76 

163 00 
74 67 
21 71 

160 00 
17 10 
62 54 
22 40 
25 00 
9 12 

191 36 
22 36 

*29 44 
12 64 

•35 00 
15 49

21 68 

*21 68

21 68

Total assay-value of ore raised during census year.

Gold

Ounces.

81,056.4 
22, 162 1 
5, 832 3 
4, 194 1 
1,627 0 

*2, 120. 2

13, 783 0 
143,772 9 
61, 937 6 

3, 628 1 
49, 773. 6 

483 7 
17,8624 
*6, 182 3 
13, 153. 9 
*1, 354 5 

7, 603 9

436, 528. 0 

59, 434. 1

495,962 1

Dollars.

1, 675, 585 
458, 131 
120, 364 

86, 700 
33, 634 

*43, 828
284, 920 

2, 972, 053 
1, 280, 365 

75, 000 
1, 028, 913 

10, 000 
369, 250 

*127, 800 
271, 914 
*28, 000 
157, 186

9, 023, 843 

*1, 228, 613
10,252,456

Sliver.

Ounces

6,812 
361, 779 

*1, 009 
24,750

468, 826 
22,328
7,848 

64,640
*83, 533 

7,217
*3, 094

1, 050, 836 

143, 248
1, 194, 084

Dollars

7,514 
467, 744 

*1, 305 
32, 000

606, 145 
28,868

10, 146 
83, 573

*108, 000 
9,331

*4, 000

1, 358, 626 

*185, 205

1,543,831

Total.

Dollars.

1, 675, 585 
458, 131 
120, 564 
94, 214 

501, 378 
*45, 133 
32, 000 

284, 920 
3, 578, 188 
1, 309, 233 

75, 000 
1, 039, 059 

93, 573 
369, 250 

*235, 800 
281, 245 
*28, 000 
161, 186

10, 382, 469 

*1, 413, 818

11, 796, 287
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County.

1
»OT3ss

Tons

Average yield per 
ton.

Dolla Dolls Dolls

Bullion produced from ore raised and treated dur­ 
ing census year.

Gold

Ounces Dollars

Sliver

Ounces Dollars

Total

Dollars.

Amador.........
Calaveras .......
El Dorado ......
Jfresno.-- ......
Inyo ............
Lossen..........
Los Angeles--... 
Mariposa .......
Mono ...........
Nevada . —.....
Placer...........
Plumas ...... ..
San Bernardino . 
San Diego.......
Shasta ..........
Siskiyou ........
Trinity .........
Tuolunme.......

Total ..... ..
Additional prodnc- 

tion, estimated 
from transporta­ 
tion statistics ..

Grand total...

108,136
40,503
4,520

578
6,714
2,079'200

16, 060
57,108
58,433
3,000

113, 879
389

16, 513
7,880

22,290
800

10, 406

470, 088 

*65, 213

12 49
8 58

21 21
120 00

3 83
18 71
io'ra'
48 44
15 21
20 00

6 G3

1440
12 08

9 11
27 50
12 32

10 40
35 62

50
147 00

8 33
33

""06 

164 55

'11 34 
dl

12 49
8 58

21 21
130 40
39 45
17 21

147 00
10 69
56 77
15 54
20 00

6 69
164 55
1440
23 42

0 42
27 50
12 61

65, 332 7 
16,817 5 
4, G86 6 
3,355 3 
1,243 4 
1, 680 5
'9,"o96"9

133, 816 a
43,000 9
2, 902 5

36, 536 5

1. 350,546 
347,650 
9C, 880 
69,360 
25, 704 
34, 739

"l88,"<>50
2. 766,238

60, 000
755,277

4,649
184, 908

802
22,740

"367," 875 
14,737

6,011
239,145

1,037
29, 400

"475,"626 
19, 053

11, 506 0
4, 605 3
9,830 0
1,064 2
6, 204 5

237, 850
95,200

203, 204
22, 000

128, 260

5,608
49,540

7,251
64,050

16 10

'16 10

2 00 18 10 351, 679. 4

*2 00 *18 10

535, 301 16 10 2 00 18 10

>50,790.1 *1, 049, 925

*69,145 
5,273

2,320 

727,65?

•100,879

*89,397 
6,818

3,000

1, 350, 546
347, 050

96, 880
75, 371

264, 849
35, 776
29, 400

188, 050
3,241, 864

907, 961
60, 000

762, 528
64,050

237, 850
184,597
210,022

22, 000
181,260

940,788

*130,426

8,210,654

1,180,351

402,469 5 8, 319,791 828, 536 1, 071,214 9,391,005

County.

Tons

Amador ... ..
Calaveraa . —.. 
TVesno. ......
Mariposa .....
Mono ...... ..
Placer .. .....
Plumas ........
San Bernardino 
Shasta ........
Tuolumne.—..

Total--..

6,482
2,125

103

100
130

8,940

Assay value of ore raised dnnng
census year and remaining on

hand at close of year
Bullion produced during census year 

from ore previously raised.

Gold

Ozs Dollars

1,251 5
1,312 1

138.1

483 7
628 9

3,814,3

25,870
27,125

2,854

10,000
13,000

78,849

Silver.

Ozs. Dolls

939

6,342

7,281

Dollars

1,213

8,200

9,413

Total. Gold.

Ounces Dollars

25,870
27,325

4,067

2,733.2
484

150 7
6,493 1

18,200
13,000

387 0
2,152.6

58 1
73.1

88,262 12,1022

66,500
1,000
3,240

134,225

8,000
44,498

1,200
1,511

260,174

Sliver.

Ozs Dollars

217 
"096

"21

824
6,914

146

8,818

281

9
"" 27 

1,065 
8,939

11,401

Total

Dollars.

56,500
1,000
3,-)21

134, 225
900

8,000
44, 525 

1,065
10,139 
3,700

261, 575

* Estimated
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TABLE II.—CALIFORNIA—Production of hydraulic, placer, drift, and nver mines for the
year ending May 31, 1880.

Comity.

DelNorto ..... .... .. ............. ... .. ......... ......................

Placer ..... ... .. .............. . . ......... ............... .......... ..

Trinity....'....... ..... .. ... .. .......... .. ... .... ............... ..

Total ..... ........ .. ............ ... .......... ... ...... ......

Gold.

Ounces

15,730 3 
4, G65 8 
6, 208 0 

*24,877.7 
3, 724 9 
1, 219. 0 
2, 062 3 

13, 998 2 
7, 940 0 

21, 789 7 
23, 413. 1 
3, 030 7 

37, 635 7 
•27,081 7 
*50, 423 6

243, 806 7 
*171, 298 3

415,105 0

Dollars

325, 175 
96, 450 

128, 331 
•514, 209 

77, 000 
25, 200 
42, 031 

289, 369 
164, 259 
450, 433 
483, 991 
62, 050 

778, 000 
•659, 828 

1, 042, 349

5, 039, 935 
*3, 541, 054

8, 580, 989

* Estimated. 

NETADA.

The production of this State shows a considerable decline, as com­ 
pared with that of the preceding six years. This is not due to any 
general falling off in the prosperity of the mining industry of the State, 
but to the decrease in the yield of the leading source, the Comstock 
lode. From 1871 to 1879, Nevada had outranked all the other States 
and Territories in its output of the precious metals; but in the present 
census year it has fallen to the third place, having been passed by both 
Colorado and California. With the yield of the outside districts main­ 
tained at the existing rate of production, an important discovery of ore 
in the Comstock would perhaps raise Nevada again to the first rank. 
And even without any striking new developments, there is still a re­ 
serve of low-grade ore aiid tailings remaining unworked, sufficient to 
give a large and steady product for many years to come.

In 1876 the yield of the Comstock, according to Mr. Del Mar's careful 
analysis, was: gold, $18,002,906; silver, $20,570,078; total, $38,572,984.

During the census year the product of the whole Comstock district, 
including the Virginia, Gold Hill, and Devil's Gate subdistricts, the 
outlying veins, such as the Occidental, etc., and the yield of tailings 
worked at various points throughout the entire tract known as the 
Washoe country, was: gold, $3,109,156; silver, $3,813,174; total, 
$6,922,330. Showing a decline of $31,650,654, or 82.06 per cent., since 
1876.

The bullion product of Nevada represents an average of $44.16 gold, 
$112.29 silver, and $156.45 gold and silver for each square mile of its 
area. In this respect Nevada is surpassed by Colorado, the figures for 
which are $25.98 gold, $159.22 silver, and $185.20 total. But with ref-
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erence to its population, Nevada, even with the reduced output, remains 
the richest of the mining States and Territories, as its annual product, 
if distributed equally per capita, would give $78.51 gold, $199.63 silver, 
and $278.14 total to every man, woman, and child within its borders. 
Notwithstanding the large proportion of adult males, it will be seen 
that this would be a fair income for the actual working population. The 
Nevada mines, however, are largely owned outside the State, and 
although they have not, taken as a whole, been profitable during the 
year, the local disbursements in wages, etc., continue steadily, so that 
the inhabitants have a direct interest in the prosecution of work, in­ 
dependently of the question of ownership.

TABLE III —NEVADA—Production of deep mines for the year ending May 31, 1880.

County

Esmeralda ...... 
Eureka -. . --... 
Humboldt - . - . .

Nye . ... .....
Storey and Lyon . 
White Pine .....

Total ......

County

Elkn . ...........
Esmeralda . ......

Nye .............
Storey and Lyon . . 
White Pine ......

Total........

Oreralseddimng census year

Tona

13, 221 
29, 7S1 
82, 013 
11, 458 
8,166 

14, 399 
23, 817 

161,7001 
11,547

356, 052J

z~
o

Tons

11,721 
29, 361 
70, 392 
10, 644 
7,751 

10, 308 
23, 817 

161,700 
11, 547

346,331

ATerageassay value 
per ton

1
Dolls

11 71 
5 44 

19 23 
8 24
i si"
1 33 

21 75 
53

15 62

1

Dolls

122 82 
53 49 
38 84 
34 83 

161 22 
54 81 
30 75 
26 47 
61 00
41 06

"A 

Hs*
Dolls

134 53 
58 93 
58 07 
43 07 

161 22 
56 12 
32 08 
48 22 
61 53

56 68

Average yield per 
ton.

3
3

Dolls

9 31 
4 45 

lo 37 
6 14

""22" 
1 11 

16 31 
42

12 35

a£
Dolls

99 27 
44 88 
34 88 
23 49 

143 19 
48 78 
26 16 
10 85 
50 83

33 47

tia t,a % 
ti t- "o"3 
&"

Dolls.

108 58 
49 33 
51 25 
34 63 

143 19 
49 00 
27 27 
36 16 
51 25
45 82

Total assay value of ore raised during census year

Gold

Ounces

7, 492. 0 
7,825 9 

76,304 5 
4, 566 5

""910"9 
1,527 6 

170, 155 1 
294 9

209, 077 4

Dollars

154, 873 
161, 776 

1, 577, 356 
94, 397

"18,829 
31, 579 

3, 517, 422 
6,096

5, 562, 328

Sliver

Ounces

1, 255, 965 
1, 229, 931 
2, 464, 082 

308, 6C6 
1,013,315 

610,466' 
566, 431 

3, 310, 015 
544,867

11, 308, 738

Dollars.

1, 623, 837 
1, 590, 178 
3,185,812 

399, 074 
1, 316, 579 

789, 271 
732, 339 

4,279,519 
704, 459

14, 621, 068

Total

Dollars

1, 778, 710 
1,751,954 
4, 7C3, 168 

493, 471 
1, 310, 579 

808, 100 
763, 918 

7, 796, 941 
710, 555

20, 183, 396

Bullion produced from ore raised and treated during 
census year

Gold

Ounces.

5,281 4 
6,324 3 

62, his 4 
3, 160 7

111 3 
1,284 0 

127,616 4 
235 9

206, 907 4

Dollars

109, 177 
130, 735 

1, 300, 122 
65, 337
2,301 

26, 542 
2, 638, 067 

4,877
4,277,158

Silver

Ounces

899, 928 
1,019,318 
2, 141, 621 

234, 562 
858, 439 
392, 355 
48], 883 

2, 482, 512 
453,944

8,964,502

Dollars.

1, 163, 517 
1, iJ17, 876 
2, 768, 902 

303, 265 
1, 109, 876 

507, 276 
623, 026 

3, 209, 639 
586, 005

11, 590, 282

Total

Dollars

1, 272, 094 
1, 448, fill 
4, 061, (l t'4 

368, 602 
1, 109, 876 

509, 577 
049, 508 

5, 847, 706 
591, 782

15, 867, 440
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TABLE III.—NEVADA—Production of deep mines, <fc.—Continued

County

Elko.......
Esmeralda . _ 
Eureka ..... 
Huraboldt. . -
lancoln .... 
Nye.... ...
Storey&Lyon 
White Pine .

Total...

Ore raised but not treated.

Tons.

*1, 500 
370 

2,621 
814 
415

4,001

9,721

Assay value of ore raised during cen­ 
sus year and remaining on hand at 
close of year.

Gold

Ozs

*858 7 
26 1 

1, 789 9 
505 5

774 2

3,954 4

Dolls

*17. 750 
540 

37, 000 
10, 450

16,004

81,744

Sliver.

Ozs.

*135, 594 
19, 357 
62, 689 
14, 502 

*76, 108 
154, 730

462, 980

Dolls.

*175, 310 
25, 026 
81, 050 
18, 750 

*98, 401 
200, 050

598, 587

Total

Dolls

*193, 060 
25, 566 

118, 050 
29,200 

•98, 401 
216, 054

680, 331

Bullion produced during census year 
from ore previously raised

Gold

Ozs.

27, 142 6

27,142 6

Dolls.

*561, 089

*561, 089

Silver.

Oza

1,129

6,932 
551, 886 
89, 721

649, CCS

Dolls.

1,459

•
8,902 

*713, 535 
116, 000

Total.

Dolls

1,459

8,962 
"1, 274, C24 

116, 000
*839, 956 *1, 401, 045

* Estimated

PLACER MINES.—The placer yield of Nevada is insignificant. No 
important gravel deposits having suitable water supply are known to 
exist. The ground worked is in most cases merely the wash from 
the croppings of quartz veins. Operations are conducted on a small 
scale at Tuscarora, Tul6 Canon, points in the neighborhood of the 
Comstock, and in a few other isolated spots. The aggregate yield 
for the year is estimated roundly at $50,000.

UTAH.

The bullion product of Utah is remarkably steady, varying latterly 
but little from year to year. This Territory presents facilities for arriv­ 
ing at a true valuation of the product which are wanting in many other 
mining localities. The mines are more concentrated, the yield coming 
from a comparatively few but rich claims, and the bulk of the ore is 
treated by a few large smelting works and mills, where accurate ac­ 
counts are kept. It is therefore easier to collect full statistics of the 
product than in places where the bullion is derived from a vast number 
of sources, each one of which furnishes only a small quota, as is the 
case where placer mining forms an important factor. The census figures 
for Utah are also the more reliable from the fullness and clearness with 
which the schedules were prepared by the special expert for the Territory.

The tabulation of the product is based on returns from 535 deep 
mines, ooe placer mine, 18 amalgamating mills, 34 smelting works, and 
10 miscellaneous metallurgical establishments, consisting of sampling, 
concentration, and leaching works. Many of these sources were, how­ 
ever, unproductive during the census year.

The following table shows the amount of ore raised in the several 
counties, with the bullion product, so far as traceable by counties. The 
table includes a statement of ore sold, with the price obtained for it. 
The larger part of the bullion here stated is from milling ores. The 
silver-lead ores sold to the smelters are in many cases transported for
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reduction out of the district in which they were raised; and as their 
identity is lost in the mixture of ores from all portions of the Territory, 
and even from other States and Territories, it is impossible to segregate 
the bullion yield by districts.

TABLE IV.—UTAH—Production of deep mines for the year ending May 31, 1880.

County.

Tooele .. ...
Washington .. 
Scattered ......

County.

Salt Late ......

Washington.... 
Total (a) . .

Ore rawd during 
census year.

Tons

19, 665 75 
6,256 

130 
52, 506 
10, 918 33 

7, 319 20 
1,957 50 

49,895 *180

154, 827 78

Ore raised and treated (in the same counties) .

Tons.

18,01575 
3,548 

12, 000 
12, 508 

260 
46, 795
93, 116. 75

Average assay value 
per ton

Gold

Dolls

0 43 
15 05 
40 72 

3 09

1 75

Silver

Dolls

45 47 
38 60 

105 92 
20 39 

126 12 
56 99 
31 59 
26 71 

*77 57
3991

Gold 
and 

silver

Dolls

45 90 
53 65 

146 64 
23 48 

126 12 
56 99 
31 59 
26 71 

•77.57

41 66

Average yield per
- ton

Gold

Dolls

42 
16 98 
969

1 98

Silver

Dolls

37 14 
3 15 

53 
97 04 
34 00 
21 66
31 38

Gold 
and 

silver.

Dolls

37 56 
20 13 
10 22 
97 04 
34 00 
21 66
33 36

Total assay value of ore raised during census year

Gold.

Ozs

412 4 
4,554 3 

256 1 
7,8657

13, 088. 5

Dolls.

8,525 
94,146 
5,294 

162, 898

270, 563

Silver.

Ozs.

691, 708 
186, 805 
10, 650 

827, 991 
1, 650, 400 

322, 630 
47, 828 

1, 030, 744 
*10, 800

4, 779, 556

Dolls.

894, 309 
241, 520 
li, 769 

1, 070, 510 
2, 133, 802 

417, 129 
01, 837 

1, 332, 649 
*13, 96S

0, 179, 488

Total

Dolls

902, 864 
335, 660 

19, 063 
1, 233, 108 
2, 133, 802 

417, 129 
61, 837 

1, 332, 649 
*13,9(>3

6,450,051

Bullion produced from ore raised and treated during 
census year, as traced by counties.

Gold.

Ozs

369 5 
2,914 
5, 627. 4

8, 910 9

Dolls

7,638 
60, 237 

116, 329

184, 204

Silver.

Ozs

517, 463 
8,663 
4,880 

938, 762 
6,575 

784, 065
2, 260, 408

Dolls

669, 028 
11, 200 
6,310 

1, 213, 725 
8,500 

1, 013, 718
2, 922, 481

Total

Dolls.

676, 666 
71,437 

122, 630 
1, 213, 725 

8,500 
1, 013, 718
3, 106, C85

County

**

Salt Lake ... 
Summit ......
Utah .... 
Washington . .

Total.....

Ore raised but 
not treated

Tons

750 
450 

50 
2,650 
3,845

100 
3,100

12, 145

Assay value of ore raised during census 
year and remaining on hand at close 
of year

Gold.

Ozs.

135 5
29

164 5

Dolls.

2,800
600

3,400

Silver.

Ozs

30, 000 
5,260 
1,547 

26, 500 
370, 269 

12, 839 
3,867 

57,227
507, 509

Dolls.

38, 787 
6,800 
2,000 

34, 202 
478, 720 
16, 660 
5,000 

73, 989
656, 158

Total

Dolls.

38,787 
9,600 
2,000 

34, 862 
478, 720 
16,600 
5,000 

73, 989
659, 558

Bullion produced during census year 
from ore previously raised

Gold

Ozs.

74 6

74 6

Dolls

1,542

1,542

Silver

Ozs

4,984

107, 911

112, 895

Dolls.

6,444

139, 518

145, 902

Total

Dolls

7,986

139, 518

147, 504

* Estimated
a Including only tho product which could be segregated by counties The balance, not thus tracea­ 

ble, is added in the summary for the United States, bringing the corresponding figures up to $270,013 
eolil, $4,596,957 silver, and $4,806,970 total.
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TABLE IV.—UTAH—Production of Heap mines, $c.—Continued.

County.

Do .. .... ... -. ..... .......-.- ....... ...... .. .- .-
Tooele . ..... ... ...... ... .- ............. ... ......... .......
trtah...-.- ..... ..... ............ ................. ........... ..

Total ..... ........................................ ..........

Ore sold.

Tons

900 
2,258 

80 
37, 856 

565. 33 
300 

5, 869 20 
1, 857 50 *180

49,866 03

Cash receipts from 
ore sold. (Bullion 
accounted for in re­ 
turns of smelting 
works.)

Av 
price 

per ton

Dolls

8 00 
45 11 
98 06 
22 76 
13 13 
40 00 
50 42 
29 68 

*60 00

27 29

Total 
receipts

Dolls.

7,200 
102, 860 

7,845 
861, 789 

7,420 
a 12, 000 
295, 947 

55, 135 
*10, 800

1, 360, 996

•Estimated a For 300 tons concentrations.

The following is an exhibit of the proportionate amounts of ore milled 
and ore smelted:

TABLE V.—UTAH—Statement of ore milled and smelted.

County.

Vtah .. ... ........................

Total ..... ... .... .... ...--

Ore milled.

Tons.

3,548
12, 000
12, 508

O en

Aft 7QK

75, 101

Ore smelted

Tons.

18, 915 75

80 00
87, 856 00

565 33
5,869 20
1,857 50

67,581 78

Total ore 
treated

Tons.

18, 915 75
80 00

6, 119 20
1, 857 50

180 00

142, 682 78

*
O'dm§9
gg 

P<

61

24
96
4

100

63

•s
flS

100
39

100
76

90
100

100

47

The most noticeable feature shown in the foregoing table is the large 
proportion of milling ore which Utah furnishes, compared with her base 
ores, although a Territory generally supposed to be dependent upon her 
smelting works. It should be noted, also, that of the ore smelted there 
was a considerable amount which might have been treated by amalga­ 
mation, but which, because of the absence of proper milling facilities, 
or because of unusual richness, it was advisable to sell to the smelters. 
But while the percentage by weight of ore milled was 53 per cent., as 
against 47 per cent, for ores smelted, the same proportion does not hold 
with regard to value, the percentage of bullion extracted beiny only 
51.08 per cent, for the product of amalgamating mills as against 48.92
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per cent, .for that from smelting works—a nearly even ratio. This dif­ 
ference is accounted for by the fact that, as a rule, the ores smelted, on 
account of the greater expense usually involved, are richer tban the ores 
which will bear the milling expense; and also because of the higher pro­ 
portion of the assay contents of the ore extracted by the smelting 
process, as compared with the milling results. The following analysis 
of the total bullion product of the Territory shows the relative amounts 
coming from each source:

TABLE VI.—UTAH—Analysis of product.

Classification of source.

Amalgamating mills, from ore raised during census year.

Total from nulls .......... ........... ............
Smeltmg-works, from ore raised during census year - - . 
Smelting- works, from ore raised prior to census year. ....

Total.............................................'

Gold

$175, 024

175, 024

94, 989 
1,642

96,531

271, 555
20, 000

291, 555

Silver.

$2,247 009 
139, 818

2, 386, 527

2, 349, 948 
6,444

2, 356, 392

4, 742, 919

4, 742, 919

Total.

$2, 422, 03.1 
139, 518

2, 561, 551

2,444,937 
7,086

2,458,923

5, 014, 474

5 034 474

The average product of the Utah milling ores and ores smelted, and 
the average yield of all the Utah ore reduced by either process during 
the census year, was as follows:

TABLE VII.—UTAH—Comparative results of treatment.

Total ................. ......................... ..

Average yield of —

Ores milled

$2 i3 
29 92
32 25

Ores smelted

$1 40 
34 78
36 18

All ore treated.

$1 90 
33 24
35 14

The next table shows the base bullion product of the Utah smelting 
works, with the precious metal contents. It includes the yield of ores 
sent from Idaho, Montana, and Nevada to the Utah smelters, and also 
the product of a small quantity of ore which was raised prior to the 
census year.

Deducting from the crude bullion product 322,170 pounds, produced 
from Idaho, Montana, and Nevada ores smelted in Utah, the remainder, 
27,891,331 pounds, is the yield of Utah ores smelted in the Territory. 
To this should be added 865,500 pounds of crude lead bullion, the esti­ 
mated yield of Utah ores smelted in Chicago and Omaha. The total 
crude bullion product of Utah for the census year is, therefore, 2$,756,831 
pounds.
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TABLB VIII.—UTAH—Base bullion production of smelting worts for the year ending Mail
31, 1880.

County.

SaltLake ......... ....

Total........ .......

Refined 
lead.

Pounds.

2, 586, 370

2, 586, 370

Crudeonllion, 
including 

weight of sil­ 
ver and gold 

contents

Pounds

8, 812, 957 
16, 781, 778 
3, 118, 766

28, 213, 501

Precious metals contained in base bullion.

Gold

Ounces

444 1 
3, 731 4 

335 9
4, 511 4

Dollars

9,180 
77, 135 
6,944

93, 259

Silver.

Ounces

522,447 
1, 159, 583 

131, 876

1, 813, 906

Dollars.

675, 472 
1, 499, 225 

170, 502
2, 345, 199

Total.

Dollars

684,652 
1, 576, 360 

177,446
2,438,458

The gross precious metal product of the Utah smelting works, given 
in the preceding table, is segregated as follows:
TABLE IX.—UTAH—Product of ores smelted in Utah during the year ending May 31, 1880.

Product of emelting works (precious metals con-
Deduct product of Beaver County smelting works

Product of smelting works, less product of Beaver

From this deduct: 
Ounces Dollars 

Product of Nevada ores smelted 
mUtali(o) ... ...... -- . 14,994 19,386

Product of Idaho ores smelted 
in Utah (6) ... ..... ... .. 16,916 21,870

Produotof Montana ores smelted
Pioduct of Nevada sulphides of

Total ............. ... .... 58,495 67,871

Net product of Utah ores smelted in Utah, less

Gold.

Ounces.

4, 511 4 
444 1

4, 067 3

4, 067. 3

Dollars

93,259 
9,180

84,079

84,079

Silver

Ounces.

1, 813, 906 
522,447

1, 291, 459

52, 495

1, 238, 964

Dollars.

2, 345, 199 
675, 472

1, 669, 727

67, 871

1, 601, 856

Total.

Dollars

2, 438, 458 
684,652

1, 753, 800

'67,871

1, 685, 935

Bullion.

(a) 359 tons containing 25 per cent lead Estimated product, 80 775 ton1) load
(6) 102 tons containing 45 per cent lead Estimated product, 65 61 tons lead
(c) 49 tons containing 30 per cent lead. Estimated product, 14 7 tons lead.

In addition to the bullion product from ores which were treated in the 
Territory, there was also a considerable yield from ore and matte shipped 
to Chicago and Omaha and reduced at these points. As nearly as ascer 
tainable this additional product was:
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TABLE X. —UTAH—Bullion produced from Utah ores and matte treated elsewhere than
the Territory.

Ore and matte shipped to Chi­ cago andOmaha.

Tons

1,180 
241

1,421

Assay value.

Gold.

Ounces.

93

93

Dollars

1,922

1,922

Silver

Ounces

49 689 
12,050
61, 739

Dollars

64,243 
15, 579
79, 822

Total.

Dollars

66, 165 
15, 579
81, 744

Estimated product, to be included in total 
production of Utah

Gold.

Ounces.

83 7

83 7

Dollars.

1,730

1,730

Silver.

Ounces

44,720 
11,448
66,168

Dollars

57, 819 
14, 801
72,620

Total

Dollars

£9,549 
14,801
74,350

From the preceding tables the following rSsum6 is derived: 
TABLE XI.—UTAH—Resume"

Classification of product.

Bullion product traceable by districts from Utah ore
Bullion product traceable by districts from Utah ore
Net bullion product trom Utah ores sold to and treated 

by Utah smelting works during census year ...... 
Estimated bullion product of ores and matte shipped
Product of placer mines (of West Mountain district, 

Salt Lake County) during census year ...... . .
Total ..... ............... .. .. .... . ......

Gold.

Ounces

8, 910 9 
74 6 

4, 067 3 
83 7 

967.5

14, 104 0

Dollars

184, 104 
1,542 

84,079 
1,730 

20, 000
291, 555

Sliver

Ounces

2, 260, 408 
212, 895 

1, 238, 964 
56,168

3, 668, 435

Dollars

2, 022, 481 
145, 962 

1, 601, 856 
72, 620

4, 742, 919

Total.

Dollars

3, 106, 685 
147, 504 

1, 685, 935 
74,350 
20, 000

5,034,474

Bullion.

UTAH PLACER GOLD.—The t>mall placer product of the territory 
D,000 in the census year) was from West Mountain district, in Salt 

Lake County.
MARKET VALUE OF UTAH BASE BULLION.—The gold and silver con­ 

tents of the base bullion are sold at a price which allows for the refining 
charge on each metal, with, of course, the market discount on the silver. 
Thus the gold contents brought from $19 to $20 per ounce, and the 
silver an average of $1.10 per ounce during the census year.

The average price of refined lead at Salt Lake City during the same 
period was 4$ cents per pound, and that of unrefined lead $47.50 per ton.
Market value of 2,586,370 pounds refined lead ............................. $122,853
Market value of 28,756,831 pounds unrefined lead ......................... 682,975

Total.......... ............... ................................... 805,828

This represents roughly the value at the seaboard after deducting 
freight charges, commissions, etc. There were also $14,160 worth of 
copper sold, the product of Utah ores worked for the extraction of the 
precious metals. Adding the market value of the lead and copper, all 
of it an accessory product of the precious-metal industries, to the mint 

23 G A
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value of the precious metals, the total product of the Utah mines ia 
raised to $5,854,462. This does not include the value of iron ore sold 
for flux, and some other small items.

AEIZONA.

A marked impulse has been given to the mining industry of Arizona 
by the fine showing of the new Tombstone district, in Pima County. 
The bullion production of this district had only begun in the period 
covered by the census year. A few months later, with increased mill­ 
ing facilities, a considerably higher rate of production was maintained.

The accompanying tables contain a probable error of at least 20 per 
cent., owing to the fact that no schedule data were available for esti­ 
mating the production from the following sources: Various districts in 
Apache County. In Maricopa County, the Vulture mine (a large pro­ 
ducer) and Myers district. In Mohave County, Aubrey, Hope, and San 
Francisco districts. In Pima County, Aztec, De Frees, Huachucha, 
Patagonia, Santa Catarina, and Tyndall districts; also several impor­ 
tant mines in Tombstone district. In Pinal County, Mineral, Final, 
Eandolph, and Summit districts; also the Silver King mine in Pioneer 
district and the Silver Era mine iu Globe district. In Yavapai County, 
Agua Fria, Greenwood, Hassayampa, Lynx Creek, Martinez, Pine 
Grove, and Turkey Creek districts. Iu Yuma County, Bill Williams' 
Fork, Eureka, Harcuvar, La Paz, Montezuma, and Weaver districts. 
The estimates given for the production from the sources mentioned as 
not included in the schedule data furnished by the experts accordingly 
have a wide margin of uncertainty in comparison with the statements 
of the yield of localities from which fuller information was received.

TABLE XII.—AKIZONA—Production of deep mines for the year ending May 31, 1S80.

County.

Mohavo... - ......

Pmal ..... .....

Total, as derived 
from schedule 
data 

Additional production, 
estimated .....

Total production, 
estimated ....

Ore raised during census year

Tons

1, 989. 00 
2, 618 50 

25, 338. 00 
1,201 00 
6, 600 00 
1, 930. 00

30, 676 50 

*8, 576 00

*48, 252 50

Average assay 
valao per ton.

ie>
Dolls

1 51
10 79 

9 74 
21 33 

4 41 
3 56

8 56 
*9 30

*8 70

1to
Dolls

11443 
84 30 
76 82 
31 60 

123 70 
3549

83 01 

*114 99

*89 19

Gold and silver.

Dolls

115 94 
95 09 
80 5« 
82 93 

128 11 
39 05

92 17 
H24 34

*97 89

Total assay value of ore raised during census 
year.

Gold

Ounces.

145.1 
1, 367 1 

11,941 4 
1,239 3 

*1, 408 9 
332 (i

16, 434 4 

*3, 877 9

*20, 312. 3

Dolls.

3,000 
28, 200 

24(i, 850 
25, 620 

*2S>, 125 
6,875

339, 730 

*80, 163

-41D, 893

Sliver.

Ounces.

176, 039 
170, 729 

1, 505, 428 
29, 352 

631, 487 
52, 973

2, 566, 008 

'762, 745

*3, 328, 753

Dollars

227, 600 
220, 736 

1, 946, 368 
37, 950 

816, 450 
68, 483

3, 317, 592 

*986, 153

•*4, 303, 745

Total

Dollars

230, 60(1 
248, 996 

2, 193, 218 
63, 570 

845, 575 
75, 363

3, 657, 322 
*1, 066, 31 6

*4, 723, 638

'Estimated
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TABLE XII —ARIZOXA—Production of deep mines, j c — Continued.

Connty

Final .. ....... ...

Total, as derived 
from schedule

Additionalproduction, 
estimated ...... . .

Total production, 
estimated . ...

•a
3

1!ss
£ o

Tons.

204 00 
893 00 

12,448 50 
119 75 

3,223 00 
204 00

17, 152 25 

*8, 576 00

*25, 728 23

Average yield per 
ton

s"o 
IS

Dolls

10"36 
9 74 

21 09 
3 32 
5 00

7 01

"7 01

*7 01

1 
to

Dolls

376 44 
114 49 
76 82 
40 33 

144 79

86 24 

*86 24

*86 24

Gold and silver

Dolls

376 44 
124 85 
8656 
61 42 

148 11 
5 00

93 25 

*93 25

*93 23

Bullion produced from ore raised and treated 
dm ing census yeai.

Gold

Ounces

"447'5 

4, 580 2 
122 2 
517 0 
49.3

5, 816 8 

*2, 908 4

•8,725 2

Dolls

"9, 2 JO 
86, 748 

2, 520 
10, 700 
1,020

120, 244 

*60, 122

•180, 366

Silver

Ounces

76, 866 
70, 034 

623 499 
3, 735 

360, 933

1, 144, 117 

•572, 059

*1, 716, 176

Dollars

89, 381 
102, 248 
806. 122 

4 829 
466, 650

1, 479, 230 

*739, 615

*2, 218, 845

Total

Dollars

99, 381 
111, 498 
902, 870 

7,355 
477, 3CO 

l.OBO

1, 599, 474 

*799, 737

*2, 399, 211

* Estimated

PLACER MINES.—The schedule data include 798.2 ounces, or $16,500, 
of gold from the Arizona placers, to which are added 653 ounces, or 
$13,500, by estimate, bringing the total product from this source up to 
1,451.2 ounces, or $30,000. This was chiefly derived from Yavapai 
County.

IDAHO.

The tabulation of the output of this Territory is based upon reports 
of the examining expert on 369 deep mines, 14 placer mines, 18 amalga­ 
mating mills, 2 arrastras, and 2 smelting works, besides several general 
reports on whole districts.

From 1876 up to the close of the census year, the product of this 
Territory has been mainly dependent upon the older mining districts, 
of which the placer mines of Boise Basin have contributed a large pro­ 
portion. The panic in the stock market of San Francisco in 1876 led to 
a suspension of operations in the principal Owyhee mines, which for 
some years previous to that period had yielded large returns. This 
crash was due quite as much to mismanagement of the mines themselves 
as to causes inherent in the speculative market; but whatever the 
reason, the result was the closing down of many mines which probably 
would have been still largely productive if properly worked. As the 
case now stands, the Owyhee district, which formerly yielded by far the 
greater part of the total output of the Territory, at present furnishes 
only about one-fifth of the aggregate. It is to be hoped that at no dis­ 
tant time in the future this district may again appear as a large pro­ 
ducing center.

Had these statistics been collected for a year ending only a few 
months later, the new Wood River country would have added largely to
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the total product. Operations in this district were only seriously begun 
toward the close of May, 1880; hence the large product from ores 
shipped to Salt Lake during the fall of the same year does not enter 
into the tabulation for the census year.

In addition to the developments in the Wood Eiver country, a number 
of other new localities appear as future important productive sources, 
prominent among which is the Sawtooth district, which from the absence of 
local milling facilities was at a standstill pending the erection of reduc­ 
tion works. Another year will witness a considerable bullion production 
from the mines of this district. The same remark holds good with regard 
to Snuley's canon, from which a small amount of ore was shipped at 
great expense to distant points for reduction. The returns from these 
shipments were such as to give great hope for a large increase when it be­ 
comes possible to treat the ores at greater advantage in mills placed 
near the mines.

In the Yankee Fork region a decided impulse—the effect of which 
was not shown until the opening of the season of 1881—was given by 
the erection of the fine and well -appointed mill of the Ouster Company. 
Previous to the building of this mill the ores of the district had either to 
be worked in arrastras, with a large percentage of loss, or be freighted 
at a heavy charge to Salt Lake, or elsewhere, for treatment. In spite 
of these disadvantages two mines were shipping considerable amounts 
of $900 ore, while a third was developing an immense body of ore which 
was expected to yield $300 per ton.

The smelting works recently constructed at Bay Horse and Kinui- 
kinnick will also add largely to the total product.

The period covered by the census year, while one of great promise for 
the future of the territory, nevertheless showed a comparatively small 
yield. The probabilities are that within two years the output of Idaho 
will at least have doubled.

The deposits of Idaho bullion (so far as it is possible to segregate 
them, a very large portion having passed through private refineries and 
thus losing their identity) up to the close of the fiscal year ending June 
30,1880, are stated by the Director of the Mint to have been $24,137,417 
gold, $727,296 silver, and $24,864,713 total. This amount is far less 
than the actual output up to that date, vague unofficial estimates plac­ 
ing the total yield as high as $60,000,000.

Of the gold product for the census year, 59.42 per cent, is from placers, 
and 40.58 per cent, from the deep mines. Idaho furnishes 7.32 per cent, 
of the placer output of the United States, 2.81 per cent, of the deep mine 
gold, and 4.43 per cent, of the total gold; 1.13 per cent, of the silver, 
and 2.60 per cent, of the entire product of the precious metals in the 
whole country. As a gold-producer the territory ranks sixth, and in 
silver, seventh. The average yield per square mile is $17.45 gold, $5.30 
silver, and $22.75 total. In this respect Idaho stands fifth in point of 
gold, seventh in silver, and sixth in developed richness in gold and sil-
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ver. The average yield per capita is $45.38 gold, $13.78 silver, and 
$59.16 in both precious metals, placing the rank as regards product in 
reference to population third as to gold, sixth as to silver, and fifth al­ 
together. The comparison with regard to population is probably the 
most reliable test of the relative prosperity of a mining region.

TABLE XIII —IDAHO—Production of deep mines for the year ending May 31, 1880.

County

Alturas ...

Idaho ..... .

If ez Perces -

Washington . . 

Total

County

Alturas.... .-

Nez Percys

Owyhee--.. .. 
Washington -.

Total......

County.

Total . .

Ore raised dnnng censns year

Tons

4,077 76 
16, 605 

*500 
5,000 

300 
500 

8, 342 75 
500

35, 825. 50

1 

I

Tons

908 
15,645 

*500 
2,500 
*300 

500 
7, 176 75 

500

28, 029 75

Ore raised but 
not treated

Tons

3, 169 75 
960 00 

2, 500 00 
1, 166 00

7,795 75

Average assay value 
per ton

Gold

Dollars

36 43 
16 92 

*25 00 
60 00 
20 00 
25 00 
32 35 
15 00

28 97

Silver.

Dollars

46 12 
6 51

60 00

"33 si

24 52

Gold 
and 

silver

Dollars

82 55 
23 43 

*25 00 
120 00 

20 00 
25 00 
66 16 
15 00

53 49

Average yield per ton.

Gold.

Dollars

53 13 
13 44 

*20 00 
50 00 

*15 00 
20 00 
25 09 
10 00

21 16

Silver.

Dollars

65 45 
5 39

50 00

"24 68

15 91

Gold 
and 

silver.

Dollars

11858 
18 83 

*20 00 
100 00 
*15 00 
20 00 
49 77 
10 00

37 07

Total assay value of ore raised during census 
year.

Gold

Ounces.

7, 185 4 
13, 594 3 

*604 7 
14, 512. 5 

290 3 
604 7 

13, 057 7 
362 3

50, 212 4

Dollars

148, 536 
281, 020 
*12, 500 
300, 000 

6,000 
12,500 

269.927 
7,500

1, 037, 983

Silver

Ounces

145, 477 
83,684

"232, 036 

218, 190

679, 387

Dollars.

188,088 
103, 195

300," 666 

282," 097

878, 380

Total

Dollars

336, 624 
389, 215 
*12, 500 
600, 000 

6,000 
12, 500 

552, 024 
7,500

1, 916, 363

Bullion produced from ore raised and treated 
dnnng census year

Gold

Ounces.

2,333 7 
10, 169 9 

*483 7 
6,046 9 
*2I7 7 
483 7 

8, 712 4 
241 9

28, 689 9

Dollars.

48,242 
210, 231 
*10, 000 
125, 000 

*4, 500 
10, 000 

130, 101 
5,000

593, 074

Assay value of ore raised during census 
year and remaining on hand at close of 
year

Gold

Ounces.

4, 39& 7 
1, 867 0 
7, 250 2 
2, 891 7

16, 411 6

Dollars

90,887 
38, 595 

150, 000 
59, 776

339, 258

Silver

Ounces

95, G53 
13,383 

116, 018 
58,563

283,622

Dollars

123, 670 
17,310 

150, 000 
75,715

36G, 695

Total

Dollars

214, 557 
55, 905 

300, 000 
135, 491

705, 953

Sliver

Ounces.

45,971 
65, 330

96,683

136, 985

344,909

Dollars.

59, 436 
84,465

125, 000

177," i69

446, 010

Total

Dollars

107, 678 
294, 696 
*10, 000 
250, 000 

*4, 500 
10, 000 

357, 210 
5,000

1, 039, 084

Bullion produced dnnng cen­ 
sus year from ore previously 
raised.

Gold

Ozs Dolls

169 3 3, 600 
166 2 3,436

335 5 6,936

Sliver

Ozs Dolls

2,707 3,600

2,707 3,600

Total

Dolls

7,000 
3,436

10, 436

* Estimated.
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TABLE XIV.—IDAHO—Production of placer mines for the year ending May 31, 1880

County

Ada . ....... ..... ........... .............. ............. - ...... .. ...

Total ......... .. .. ............. .... . ................ .. .

Gold

Ounces

241 9 
1, 69J 1 

30, 120 4 
967 5 

2, 902 5 
967 5 
483 8 

1,451 2 
2,515 5 

483 8 
725 6

42, 552 8

Dollars.

5,000 
35, 000 

622, 645 
20, 000 
60, 000 
20, 000 
10, 000 
30, 000 
52, 000 
10, 000 
15, 000

879, 645

OREGON.

Oregon is one of the o'dest of the western mining States, the discov­ 
ery of gold within its limits having followed closely upon that in Cali­ 
fornia. Its output has never been very large in comparison with the 
yield of its neighbor State, but although the mines have become second­ 
ary to its agricultural resources in point of importance, they still furnish 
occupation and profit to many of its inhabitants. The quartz veins of 
Baker County, in the eastern portion of the State, adjoining Idaho 
Territory, continue to yield the larger portion of the total deep-mine 
product of this State. The prevailing type of the Oregon ores is a free 
gold quartz, though rebellious gold ores, requiring special treatment, 
are found in some localities, and a small amount of silver is produced 
in Grant County.

The latter county takes the lead in surface mining, while Baker, Jack­ 
son, and Josephine Counties are also productive of a considerable 
amount of placer gold.

Oregon now ranks seventh on the roll of the mining States in pro­ 
duction of gold, eleventh in output of silver, and ninth in its yield of 
both metals. Its quota toward the total production of the United 
States is 7.75 per cent, of the placer gold, .80 per cent, of the deep-mine 
gold, 3.29 per cent, of the total gold, and only .07 per cent, of the total 
silver. The percentage of the total combined gold and silver product is 
1.49 per cent. The average yield per square mile is $11.43 gold, $0.20 
silver, and $11.63 total. The product per capita is $6.28 gold, $0.11 
silver, and $6.39 total, giving Oregon a rank of seventh in gold, tenth 
in silver, and ninth in total bullion output, in point of production as 
relative to population. The small proportion per capita shows how 
completely mining has been overshadowed by other industries in this 
State.
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TABLE XV.—OREGON—Production of deep mines for the year ending May 31, 1880.

County

Total ..... . .. ...

County

Josephine . ... .. .. .. 
Total .. ..... ...

Ore raised during census year.

Tons

12, 737 
1,200 

150
14, 087

•a 
§
y, Ci"

Tons.

12,607 
1,015 

150
13, 772

Average assay value 
por ton

Gold.

Dollars

11
76 *34

00 
87 
83

16 86

Silver

Dollars

1 
45

5

59 
88

35

Gold 
and 

silver.

Dollars

12 
122 *34

22

59 
75 
83
21

Average yield per ton.

Gold

Dollars

7 
67 
31
12

80 
21 
66
44

Saver

Dollars

13

1

34 
43

30

Gold 
and 

silver

Dollars

8 
80 
81

14 
64 
66

13 74

Total assay value of oro raised during 
census year.

Gold.

Ounces

6, 776 9 
4, 462 1 

*252 7
11, 491 7

Dollars

140, 091 
92, 240 
*5, 225

237, 556

Silver.

Ounces

15, 713 
42, 579

58,292

Dollais

20, 316
55, 050

75, 366

Total.

Dollars.

160, 407 
147, 290 

*5, 225
312,922

Bullion produced fiom ore raised and 
treated during census year.

Gold

Ounces

4, 755 5 
3, 300 2 

229 8
8, 285 5

5^ Assay value of ore raised during census 
— .8 year and remaining on hand at oloso 
| g of year.

County. "•% 
go Gold

Tons. Ounces

Total....... 315 1,0!

i8 7 
14 9
S3 6

Dollars

3,900 
18, 500
22,400

Silver.

Ounces

3,017 
28, 617
31,634

Dollars

3,900 
37, 000
40,900

Total

Dollars

7,800 
35, 500
63, 300

Dollars

98, 305
68, 221 
4,750

171, 276

Silver

Ounces

3,331 
10,549

13,880

Dollars

4,307 
13, 639

17, 946

Total

Dollars.

102, 612 
81, 860 
4,750

189, 222

Bullion produced during census year 
from ore previously raised.

Gold.

Ozs

4 3

4 3

Dolls

88

88

Silver

Ounces

1,285

1,285

Dollars

1,661

1,661

Total.

Dollars.

1,749

1,749

* Estimated 

TABLE XVI.—OREGON—Pt oductioti of placer mines for the year ending May 31,1880.

Gold.

Total ........... ........ ............. .. ........................ .......

Ounces

7,262 8
3 6

453 5
620 5

9, 132 7
9,503 4
3, 680 4

58 1

44,811 5

Dollars

150, 136
75

9,375
12, 82b

188, 790
196,454
76,080
1,200

926,336
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WASHINGTON.

Of the small product reported from the deep mines of Washington 
Territory, nearly the whole comes from Peshaston district, in Yakima 
County, where gold quartz mining is conducted on a small scale.

The Upper Columbia placers furnish over one-half of the total placer 
yield of the Territory. The Skagit mines, in Whatcom County, about 
which, from time to time, reports glittering with golden promise have 
been spread, are not yet to be numbered among the important productive 
deposits of the country. They have attracted much attention from the 
press, and have been the scene of several incipient " rushes," but the 
shortness of the season, inaccessibility, and other natural disadvantages 
have combined to retard operations, and the yield is still very scanty.
TABLE XVII.—WASHINGTON—Production of deep mines for the year ending May 31, 1880.

County

Total ...... ......

County.

Scattered ...... .. .. 
Total ......... ...

Ore raised during census year.

Tons

437 
100
537

!_
»tf fH 
In**

1*

Tona

437 
100
537

Average assay value 
per ton.

Gold.

Dollars

*41 85 
37 50
41 04

Sliver

Dollars

Trace 
Trace
Trace.

Gold 
and 

silver

Dollars.

*41 85 
37 50
41 04

Average yield per ton

Gold

Dollars.

31 59 
30 00
31 28

Silver.

Dollars

Trace 
Trace
Trace

Gold 
and 

silver

Dollars

31 59 
30 00
31 28

Total assay value of ore raised during 
census year

Gold

Ounces

*884 6 
181.4

1,066.0

Dollars

*18, 287 
3,750

22, 037

Silver.

Ounces Dollars

TotaL

Dollars.

*18, 287 
3,750

22, 037

Bullion produced tram ore raised and 
treated during census rear.

Gold

Ounces

667 6 
145 1
812 7

Dollars

13, 800 
3,000

16, 800

Silver.

Ounces

—— - —

Dollars

Total.

Dollars

13, 800 
3,000

16,800

* Estimated 

TABLE XVIII.— WASHINGTON—Production of placer mines for the year endwg May 31,1880.

Total

Ounces

193.5
483 7

2, 902. 5
2, 170 9

5, 756. 6

Dollars.

4,000
10, 000
45, 000

Gold
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ALASKA.
This vast territory, occupying an area of over half a million square 

miles, is for the most part still an unexplored region. The small amount 
of prospecting which has been done has developed the fact that Alaska 
contains many gold-bearing localities, none of which, however, have yet 
yielded any considerable output. The climate and remoteness from 
communications will always be obstacles in the way of mining, but in 
spite of the natural disadvantages of the country, it is reasonable to 
look for an increased product in the future. Becent reports, much exag­ 
gerated, of fabulous discoveries of mountains of silver ore have attracted 
many adventurous miners to Alaska. Thus far only disappointment has 
resulted. The Takou gold district, which has been explored to some 
extent, is, however, stated to have yielded $150,000 in the season of 
1881.

The small amount of placer gold received at the San Francisco mint 
from Alaska during the census year, $5,951, does not perhaps represent 
the whole product for that period, as a portion may have found its way 
to Victoria, and thus have become identified with the product of British 
Columbia. No means of tracing this small possible balance are at hand. 
The total was in any event insignificant.

STATISTICS OF THE DIVISION OF THE BOCKY MOUNTAINS.

[Collected and compiled under the direction of Mr S. 7. Emmons, geologist-in-oharge and special agent
ofcensns ]

COLORADO.

From an average annual production of only three or four millions, Col­ 
orado has suddenly risen to the first rank as a producer of the precious 
metals among the States and Territories for gold and silver combined, 
as well as for silver alone, while for gold it holds the fourth rank. In 
the relation of production to area it holds the first rank likewise for 
gold and silver combined and for silver alone, and the third for gold 
alone. In the relation of production to population, however, it ranks 
only third for gold and silver together, second for silver alone, and sixth 
for gold alone. The total value of its product during the censns year 
in gold and silver was, in round numbers, nineteen and a quarter million 
dollars, and, if we add to this the value of lead and copper in crude 
metal produced, we have a total value of metallic product of twenty- 
two and three-quarters million dollars.

The collection of statistics of the precious metals in this State pre­ 
sents certain peculiar difficulties. First, from the fact that there are so 
many small mines which keep no accurate record of their production; 
second, because a very largo proportion of its ores, being essentially
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heterogeneous in composition, have to be smelted, and are thus more 
difficult to trace than milling ores. The smelting ores are sold, it is 
true, mostly to smelters within the State, bnt the same mine often sells 
to different and widely-separated works, and the smelters themselves buy 
ores in small lots from many mines, of which no separate record is kept. 
Moreover, the check furnished in the more western States over the total 
production by the express returns is here wanting, since practically the 
whole silver product is shipped east in lead bullion, of which the trans­ 
portation companies keep no record. Nevertheless, owing to the almost 
uniform willingness which the more important mine-owners, samplers, 
and smelters have shown to afford the data which they possessed, it is 
believed that the totals attained represent a very close approximation 
to the actual product of the State, and that the figures given are, on the 
average, within 5 per cent, of the true amount, although in districts as 
yet incompletely developed this percentage may be greater.

TABLE XIX.—COLORADO—Production of deep mines for the year ending May 31, 1880.

County.

Chatfee .... ..
Clear Creek .. 
Caster . ......
Gunnison ......

la Plata . .....

Rio Grande. .... 
SanJuan ......

Total.......

Ore raised during 
census year

Tons.

- 7,868 
979 

37, 031 
16, 094 

123, 668 
252 

2, 695 
35 

152, 451 
12 

1,790 
5,364 

550 
2,725 
4,846

356, 360

Average assay value 
pel ton

Gold

Dolls

58 17 
20 58 
10 15 

91 
16 27 
36 03 

3 07 
20 69 

54 
10 00 
41 41 

1 36 
15 50 

73 
3 73

8 68

Silver.

Dolls.

49 46 
171 64 

52 79 
37 17 

5 46 
721 03 

69 45 
96 97 
90 04 

246 75 
154 81 
146 21
121 39 
85 88
5526

Gold 
and 

silver.

Dolls.

107 63 
192 22 

62 04 
38 08 
21 73 

757 06 
72 52 

117 66 
90 58 

256 75 
196 22 
147 57 

15 50 
122 12 

89 61
6394

Total assay value of ore raised during census year

Gold

Ounces

22, 137 0 
975 0 

18,191 0 
706 0 

97, 337 0 
439 2 
400 0 
35 0 

4, 000. 0 
5 8 

3, 585. 5 
352 7 
412 5 

96 5 
875 0

Dollars

457, 613 
20, 155 

376, 041 
14, 594 

2, 012, 134 
9, 079 
8,269 

724 
82, 687 

120 
74, 119 
7,291 
8,527 
1,995 

18, 088

149, 548 23, 091, 436

Sliver.

Ounces

301.025 
129, 965 

1, 511, 754 
462, 721 
521, 871 
140, 537 
144, 762 

2,625 
10, 617, 216 

2,290 
214,32? 
606, 585

255, 847 
321, 889

15,233,414

Dollars.

389, 195 
168,032 

1, 954, 547 
598, 252 
674, 727 
181, 700 
187, 163 

3,394 
13, 726, 998 

2,961 
277, 103 
784,254

330, 785 
416, 170

19,695,281

Total.

Dollars

846, 808 
188, 187 

2, 330, 588 
612, 846 

2, 686, 861 
190, 779 
195, 432 

4,118 
13, 809, 685 

3,081 
351, 222 
791, 545 

8,527 
332, 780 
434, 258

22, 786, 717
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TABLE XIX.—COLORADO—Production of deep mines, $-e.—Coutinued.

County.

Boulder - . . 
Chaffee. .. . 
Clear Creek 
Custer . — . 
Gilpin -.... 
Gnnmson - . 
Hmsdale . . 
Huerfano . 
Lake 6 ... . 
La Plata . . 
Ouray ..... . 
Park
EioGrande .. 
San Juan . . 
Summit .....

Total. ..

!_
-w<§

Tons.

7, 538. 0 
161 0 

t35,821 0 
16,784 0 

123, 645 0 
252 0 

2, 695. 0 
5 5 

140, 623 0 
12 0 

1,311 0 
5,364 0 

550 0 
1, 353 0 
4, 446. 0

330, 580 5

Average yield per 
ton

Gold

Dolls

40 28 
6 33 
6 11 
2 12 

13 08 
18 11 

2 61
"59 
8 58 

12 69 
18 

9 79 
1 29 
1 16
6 89

Silver

Dolls

46 82 
46 65 
46 73 
10 66 
2 61 

100 00 
13 09 
57 27 
89 34 

226 00 
78 55 
95 67

104 31 
79 66
4920

Gold 
and

silver.

Dolls

87 10 
52 98 
52 84 
12 78 
15 69 

118 11 
15 70 
57 27 
89 92 

234 58 
91 24 
95 85 

9 79 
105 60 
80 82
50 09

Bullion produced from ore raised and treated 
during census year

Gold •

Ounces

14, 728 3 
•49 3 

•10, 582 A 
696 2 

*78,263 4 
*220 3 

277 8
~3,913'7 

5 0 
*804 5 

*46 0 
260 5 

84 0 
250 0

110,181 3

Dollars

304, 401 
*1, 019 

•218, 756 
14, 392 

*1, 017, 848 
*4,554 
5,743

80, 904 
103 

*16, 631 
*951 

5,385 
n, 736 
*5, 168

2, 277, 651

Silver

Ounces

273, 088 
*5, 809 

*1, 294, 774 
55, 927 

*2'iO, 074 
19, 507 
99, 958 

244 
9,717,819 

2, 098 
*79, 651 

•396, 921
noa, ice
*273, 915

12, 579, 551

Dollars

353, 851 
*7, 510 

*1, 074, 013 
72, 308 

"323,321 
25, 221 

129, 236 
315 

12, 564, 168 
2,712 

•102, 981 
*513, 179

*354', 145

16, 264, 101

Total.

Dollars.

658,312 
*8. 529 

*1, 892, 769 
86, 700 

"1, 941, 169 
29, 775 

134, 979 
315 

12, 645, 072 
2,815 

*119, 612 
"514, 180 

5,385 
*142, 877 
•359, 313

18, 541, 752

County

Bonlder .... 
Chaffee ..... 
Clear Creek 
Custer .. 
Gllpm ...... 
Huerfano . 
Lake§ ... . 
Onray - .... 
San Juan .. 
Summit 
Scattered .

Total .....

Ore raised bnt not
tieated

Tons

310 0 
818 0 

1, 210 0 
9, 310 0 

23 0 
29 5 

11, 828. 0 
479 0 

1, 372 0 
400 0

25, 779. 5

Assay value of ore raised during census 
year and remaining on liand at close of 
year.

Gold

Ozs

1, 423 0 
708 4 

2,053 5
18 1 
29 5 

118 3 
1, 457 1

"260 o

6, 007 9

Dolls

29,416 
14, 644 
42, 450

374 
610 

2,445 
30, 121
'4,'l34

Silver.

Ounces

21, 470 
107, 706 
133, 254 
316, 350 

97 
2,212 

823, 702 
87, 093 

112, 960 
26, 800

124, 19l!l,631, 644

Dollars

27, 759 
139, 253 
172, 284 
409, 009 

125 
2,860 

1, 064, 964 
112, 603 
146, 046 
84,650

2, 109, 553

Total

Dollars.

57, 175 
153, 897 
214, 734 
400, 009 

499 
3,470 

1, 067, 409 
142, 724 
146, 046 

38, 784

Bullion produced during census year 
fiom ore previously raised

Gold

Ozs

11,425 7

4, 078 7
2, 233, 74715, 504 4

1

Dolls

230, 190

Silver.

Ozs.

9,487

*62. 322

84, 3U 147, 707
320,504 219, 516

Dolls

12, 266

*80, 576

190, 970

Total

Dolls.

12,206

316, 766

275, 284

283, 812 604, 316

* Estimated 
14,684 tons lost by concentration.

114,384 tons lost by concentration.
§ Including the Leadville district

lu the foregoing tables the following are tlie more important items of 
uncertainty or inadequacy of data:

Arapalwe County.—In this county, as well as in Jefferson and Pueblo 
counties, no mines producing gold and silver are known to exist. In 
these, however, are located important smelting works, which buy and 
treat ores from almost every county in the State, as well as from Mon­ 
tana and New Mexico. Tlie bullion production of these counties would 
therefore be an important fraction of the total bullion yield of the State. 
It has, however, been considered best to apportion this yield as nearly 
as possible among the counties in which the ore was raised. This has 
been done in'the following manner: The greater part of the ore treated
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could be traced back to the county where it was raised, and the total 
bullion product of each lot of ore was deduced from the average assay 
value of such lot, of the total amount treated, and of the total amount 
of bullion produced, in the case of each individual smelter. A portion 
of ore treated and bullion produced therefrom, which could not be 
directly traced back to its source, was distributed on estimated propor­ 
tions, founded mainly on the relative amounts of ore produced, as 
determined by schedules and previous estimates. In considering the 
amount of bullion produced and ore treated, there is this element of 
uncertainty in some of the calculations, that the larger smelters cannot 
always say that the bullion produced was from the very lots of ore 
purchased, as they keep a varying stock of ore on hand. It is probable, 
however, that, considering the whole, the figures obtained are suffi­ 
ciently near the truth.

Boulder County.—No reliable data could be obtained in regard to the 
Niwot mine, which is said to produce about 15,000 tons of ore per year. 
In general the returns from this county were more incomplete and less 
satisfactory than from most counties in the State. The product, as 
obtained from smelters, is approximately correct; that from mills less 
certain and probably incomplete.

Gliaffee County contains a number of promising mines, but owing to 
absence of owners no reliable data of production during census year 
could be obtained.

Clear Creek County.—One element of uncertainty in this county is the 
very common practice of leasing the mine to one or more parties, who 
pay the owner a royalty, or a portion of the gross prodnct. A second 
is, that the ores are sampled, frequently concentrated, and sometimes 
treated in Gilpin County. Small lots of rich ore have been also shipped 
to smelters in the east, of which no record could be obtained. The loss 
by concentration (14,384 tons) was obtained by actual returns from ore- 
dressing works; in one case only, of a few hundred tons, an estimate 
being made of the degree of concentration. The proportionately large 
loss in treatment is due, doubtless, to defective systems of working, but 
may be less than shown by the figures given above, since the product 
of rich ores shipped east does not appear here.

Custer County.—Its production is relatively low, since the Bassiok 
mine did not produce during a great part of the census year. The loss 
by concentration (4,684 tons) is an estimate, deducting the sum of tons 
treated and tons remaining on hand from tons raised.

Gilpin County.—Owing to the system pursued by a large proportion 
of the mines and mills, viz: that the miners send their ore to custom 
mills to be treated, and receive in return the bullion produced, less 
charges, without any assay control to determine how much was lost in 
treatment, or any record being kept by mills of value of bullion returned, 
it has been necessary to estimate a large proportion of the bullion thus 
produced. The express returns give for the year ending June 30, 1880,
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a shipment from Central City of 88,016 ounces gold bullion, of reported 
value of $1,320,260. The census figures for the year ending May 31, 
1880, are somewhat less, viz: For the mill production, 54,361.8 ounces 
fine gold, having a mint value of $1,123,758.11, showing that this esti­ 
mate 'is probably somewhat under the truth, although it is not certain 
that absolutely all bullion shipped from Central City was produced 
within Gilpiu County. The figures in the column of "Bullion from ore 
raised prior to census year" are an estimate of the yield of tailings 
from the mills which were sold to smelters during the year, and which 
are supposed to come mainly from ore raised during previous years.

Gunnison County.—But few mines were sufficiently developed to be 
regular producers during the census year, and many small lots shipped 
out for treatment may have escaped the record.

Hinsdale County,—The principal smelting works of the San Juan 
region are located here, and its production includes probably some small 
lots of ore raised in Ouray and San Juan counties, which could not be 
segregated.

Huerfano County has but few mines. From only a single district were 
returns made by the expert who had charge of this portion of the State.

Lalce County.—Is the largest producer and furnishes the most accurate 
data, though it has been impossible in every case to actually trace back 
the bullion produced to the individual mine from which it came. The 
figures given are known to be under the truth for the following reason: 
The "American" and "Gage, Hagaman & Co.'s" smelters ran during a 
portion of the year, but were shut down and changed hands, so that 
when these statistics were collected no record, or even "estimate, conld 
be obtained of the amount of bullion produced by them. A thousand 
tons of crude bullion, of an average of 300 ounces silver per ton, would 
probably be an outside figure for the production of the two. This 
would add 300,000 ounces silver to the total production for the year. 
No record was obtained of the amount of ore, if any, which was shipped 
directly from Leadville to the smelting works at Omaha; its influence 
on the total production would be, at all events, inconsiderable. With 
these exceptions the figures given present a very accurate estimate of 
the bullion produced. With regard to the gold production the amount 
contained in the ores is in general too small to be taken account of, and 
it is only when concentrated in the lead bullion that it becomes appre­ 
ciable; moreover a considerable portion of it comes from small lots of 
aunferous ores purchased by smelters from mines or prospects in out­ 
lying districts within the county, and in some cases from Gunnison or 
Summit counties. The gold contents of ore raised had therefore to be 
largely determined by estimate.

La Plata County.—From this county reports of only a single district 
were obtained, as the mines were as yet but little developed in the cen­ 
sus year; probably many small lots of ore are unaccounted for.

Ouray County.—Doubtless from this county also the returns are some-
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what incomplete, and it is certain that some addition is due to the 
amount of "bullion produced" which has been credited to ifc. Unfor 
ttmately data are wanting for making an accurate estimate, although it 
is known that some of this has been credited to Hinsdale County.

Paris County.—At the time of collecting these statistics accurate data 
could be obtained from but few of the producing mines of this county; 
it has been necessary, therefore, to deduce them largely from informa­ 
tion obtained from samplers and smelters, and estimate their propor­ 
tionate bullion yield.

Bio Grande County.—Here, also, returns were obtained from but a 
single district.

San Juan County.—To this the same remarks are applicable which 
were made in regard to Ouray County.

Summit County.—From this county, for various reasons, the returns 
as regards the census year are rather incomplete, and figures probably 
below the truth. The bullion produced also had to be largely estimated. 
The following years will probably show an increased production.

To show the data from which the figures given above have been 
obtained the number of mines from which full schedules were received 
is subjoined, and the proportion thereof that have been bullion-produc­ 
ers during the census year, as well as those producers of which data 
have been obtained otherwise thau by schedules and visits of census 
experts: 
Total deep mines scheduled.................................................... 249
Piodnctive mines scheduled ..... .................. ............................ 126
Pioductive mines reported otherwise......... ................................. 249

Total productive mines reported...................... ........... ..... ......375

Total all miues reported on .................................................... 49d

TABLE XX.—COLORADO—Production of placer mines for the year ending May 31, I860.

County.

Park............ ..... ......... ....... . . . ....... . . ... ... .. ... ..
Koutt ...... ..... ... ... ... .. .. ... .. ... .. .. . .. ... ...

Total .. .... ... ..... .. ... .. .. ............ .... .. ..... ... ..

Gold

Ounces.

1, 275. 0 
410 0 
835 0 

1, 000 0 
241 9 

1, 160 0
4, 921. 9

Dollars

26, 357 
8,476 

17,261 
20, 672 

5,000 
23, 979

101, 745

The above table gives all the data which were obtained by the experts 
engaged in this work on placer and hydraulic workings in the State. 
The inherent difficulty of obtaining complete information with regard to 
surface mining, in that it is carried on only during a limited portion of 
the year, and in great part by individuals who keep no accurate account 
of their gains, renders these returns necessarily incomplete here as else-



KINO 1 COLORADO. 367

where. In Colorado, moreover, owing to the fact that other gold bull­ 
ion is produced so largely, it has been impossible to supplement these 
figures by express or mint returns. While the above figures doubtless 
very inadequately express the production of placer gold for the State, 
it is a fact that this production was relatively small during the census 
year, owing to the unusual activity in prospecting for and working deep 
mines.

COPPER AND LEAD.—Although these belong rather to the useful than 
to the precious metals, their importance among the mineral products of 
Colorado, and their intimate connection with the production of gold and 
silver, render their consideration here essential. In Table XXI, given 
below, only the crude metal obtained from ores actually smelted within 
the State is given, no account being taken of the copper or lead con­ 
tained in ores which were shipped outside of the State for treatment. 
This amount is, however, of comparatively little importance, forming 
probably uot over 5 per cent, of the total product. The lead product 
was all in the form of argentiferous lead bullion, which was shipped to 
various smelters in the East to be refined.

The copper product was partly as matte, but largely in the form of 
copper oxide. Of the actual shipments of the latter a portion has been 
produced from ores raised in Montana; a proportionate amount of the 
total product has, however, been credited to that Territory in its appro­ 
priate place.

In calculating the value of these metals the average market value of 
either for the year has been assumed as 4£ cents per pound for lead, 20 
cents per pound for copper.

TABLE XXI.—COLORADO—Crude bullion product for the year ending May 31, 1880.

County.

Arapahoe .... 
Hinsdale ... 
Jefferson . .

Ouray ..... 
Park .... ..
Pueblo . ..... 
Summit .....

Total....

Gioaa 
tons

1,225 
800 

1,117 
28, 383 

90 
57 

2,181 
260|

34, 123

Lead

Tons

790 00 
525 75 

28, 22b 00 
39 00 
56 00 

2,126 JO 
256 00

32, 069 25

Dolls

71, 100 
47, 318 

2, 540, 340 
8,010 
5,040 

191,385 
23, 040

2, 886, 233

Copper.

Tons

980

598

.....

1,578

Dolls

392, 000

238, 200

631, 200

Gold

Ozs

270 0 
10, 315 0 
3,830 2

1, 347 0

15,762 2

Dolls

5,581 
213, 231 
79, 177

27,845

325, 834

Silver

Ozs.

96, 878 
565, 020 

8, 053, 946 
24, 103 
11,996 

1, 557, 608 
10, 400

10, 319, 951

Dolls

125,254 
730, 514 

10, 412, 947 
31,163 
15,510 

2, 013, 831 
13, 446

13, 342, 665

Total

Dolls

392, 000 
201,935 

1,2JO,263 
13, 032, 464 

30, 173 
20, 530 

2, 233, 001 
30, 488

17, 185, 932

Lead, $90 per ton. Copper, $400 per ton.

In the subjoined table are shown the relative amounts of ore treated 
by mill process and by smelting, and their average yield per ton. Its 
principal value is to show the average character of ore in each county 
in reference to its adaptation to either process of reduction. It would 
have been extremely interesting, had the data been such as would yield 
accurate results, to have given the assay value of the ore treated in 
either case, and thus compare the relative losses in either process, but
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the number of cases in which it has been necessary to estimate product 
from assay value, or vice versd, would seriously impair the value of such 
comparison. This subject will be found treated at length in the final 
census report.

TABLE XXII.—COLORADO—Production of smelting worJcs and amalgamating mills for the
year ending May 31, 1880.

County.

Chaffco ..... 
Clear Creek t. . 
Ouster J .. .. 
Gilpin ... . ..
Hmsdale . . . 
Hnerfano .. .

La Plata .. .

Eio Grande . . 
San Juan ..... 
Summit .

Total. ..

County.

Boulder .

Clear Creek t .

Gunnison ......

la Plata .. . .
Park ..... ...
Eio Grande

Total. ..

•c 
a

ll 
I*

Tons

3, 412 0 
161 0 

9,701.0 
982 0 

10, 218 0 
252 0 

•2,695 0 
5 5 

140,623 0 
12 0 

1, OT5 0 
5,364 0

"l,"353 0 
3, 771 0

179, 564 5

1•s-g
00 -£j

§1 

1

Tons

4,146
IT, 736 
1,118 

113, 427

296
550
675

131. 948

Average yield per ton

Gold

Dollars

68 52 
*6 33 
11 93 
14 24 
48 36 
18 11 
2 61

58 
8 58 
6 06 •18

"1 29

5 34

Silver.

Dollars

47 10 
*46 65 
116 26 

64 65 
2826 

100 00 
]3 09 
57 27 
89 34 

226 00 
100 62 
*95 67

•104 si 
*93 91

86 21

Gold 
and 

silver

Dollars

115 62 
*52 98 
128 19 

78 89 
76 C2 

118 11 
15 70 
57 27 
89 92 

234 58 
107 28 
*95 85

*105 60 
*93 91

91 55

Average yield per ton

Gold

Dollars

17 05
8 78 

38 
9 91

33 35
9 79

*7 66
9 99

Silver.

Dollars

46 58
46 54 

7 88 
30

2 86

5 94

Gold 
aud 

silver

Dollars

63 63

55 32 
8 26 

10 21

36 21
9 79

*7 66

15 93

Bullion produced from ore smelted during census 
year

Gold.

Ounces

11, 309 8 
*49 3 

*5, 599 3 
676 2 

23,901 5 
*220 3 

277 8
3^913'i 

5.0 
327 0 
*46. 0

" *8t 6

46, 409 9

Dollars

233, 794 
*1, 019 

115, 748* 
13,978 

494, 088 
*4, 554 
5,743

80,"903 
103 

6,760 *951

*1, 736

939, 377

Silver.

Ounces.

124,307 
*5, 809 

872, 344 
49, 107 

223, 305 
19, 507 
99, 958 

244 
9, 717, 819 

2,098 
78, 995 

*396, 921
"*109, 166 
*273, 915

11,973,495

Dollars

169, 717 
*7, 510 

*1, 127, 854 
63, 490 

288, 711 
25, 221 

129, 236 
315 

12, 564, 168 
2,713 

102, 133 
*513, 179
*141, 14T 
*354, 145

15, 480, 533

Total.

Dollars.

394,511 
*8,529 

•1, 243, 602 
77,468 

782, 799 
29, 775 

134,979 
315 

12, 645, 071 
2,816 

108, 893 
*514, 130

*142, 877 
*354, 145

16,439,910

Bullion produced from ore milled during census 
year

Gold

Ounces

3,418 5
*4,983 0 

20 0 
54,361 9

477 5
280 5

*250 0
63, 771 4

Dollars

70, 667
*103, 008 

413 
1, 123, 760

9,871
5,385

*5, 168
1, 318, 272

Sliver.

Ounces.

149, 381
•422, 430 

6,820 
26, 769

656

606, 056

Dollars.

193, 135

*546, 160 
8,818 

34, 610

848

783, 571

Total

Dollars

263,803
*649, 168 

9,231 
1, 158, 370

10, 719
5,385

*5, 168
2, 101, 843

* Estimated t!4,381 tons lost by concentration. 14,681 tons lost by concentration

DAKOTA.

The metallic production of Dakota is derived from the region of the 
Black Hills, and in greater part from Lawrence County, where free mill­ 
ing gold-quartz ores of low grade are reduced in amalgamating mills of
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great size. The perfection to which the milling process has been brought 
is shown by the large percentage of the assay value extracted. Ouster 
and Pennington counties are opening new mines, but had scarcely be­ 
come producers during the census year.

TABLE XXIII.—DAKOTA—Production of deep mines for the year ending May 31, 1880.

County.

Lawrence .... 
Pennington . . .

Total... .

County

Lawrence .... 
Pennington .....

Total .....

County

Ore raised during 
census year

Tons

2,250 
526, 993 

7,500

536, 748

•a 
a s

ll

Tons.

495, 630 
500

496, 130

Average assay value 
per ton

Gold

Bolls

13 89 
7 05 

10 31

7 71

Silver

Dolls.

0 07 
34 
09

33

Gold 
and

silver

Dolls

13 96 
7 99 

10 40

8 04

Average yield per 
ton

Gold

Bolls

6 33 
3 20

6 33

Silver

Bolls

0 15

14

Gold 
and 

silver

Bolls

6 48 
3 20

6 47

Assay value of ore raised during census year

Gold.

Ozs

1, 511 7 
195,063 3 

3, 738 9

200, 313 9

Dolls

31, 250 
4, 032, HO 

77, 290

4, 140, 850

Silver

Ozs

122 
136, 190 

541

130, 853

Bolls

158 
170, 030 

099

170, 937

Total

Dolls

31,408 
4, 208, 390 

77, 989

4, 317, 793

Bullion produced from ore raised and treated during 
census year

Gold

Ozs

151, 759 7 
77.4

151,837 1

Dolls

3, 137, 154 
1,600

3, 138, 754

2 ^ Assay value of ore raised during cen- 
" a> sus year and remaining on hand at 
a g close of year

Jjf Gold

Tons Ozs.

Ouster .... 2,250 1,511 7 
Lawrence .. 31,308 12,621 7 2 
Pennmgtou .. 7,000 3,619 9

Total .... 40,618 17,753 3 3

Bolls

31,250 
00, 914 
74, 830

06, 994

. Saver

Ozs

122 
24, 741 

541

25, 404

Dolls

158 
31, 988 

099

32,345

Total

Bolls

31,
292, 
75,

399,

408 
902 
529
839~

Silver.

Ozs

54, 577

54,577

Dolls

70, 563

70, 563

Total

Dolls

3, 207, 717 
1,600

3, 209, 317

Bullion produced during census year 
from ore previouslj raised

Gold

Ozs

5, 022 7

5,622 7

Dolls

110, 233

110, 233

Silver Total

Ozs Bolls Dolls

116, 233

...... 116,233

Dakota planer mines.—The following table gives the production of 
placer mines so far as could be ascertained by the expert in charge of this 
district. The amount seems very small, compared with the supposed 
value of the surface deposits in this region. This may be in part ac­ 
counted for by the fact that several important companies were making 
ditches, and preparing for work on a large scale, but had not become 
producers during the census year. 

24a A
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TABLE XXIV.—DAKOTA—Production of placer mines for the year ending May 31, 1880.

Total ................................. ....................................

Go

Ounces.

2,307 5
152 8

2,460 3

Id

Dollars

47, 700
3 159'

50, 859

MONTANA.

Montana has within its boundaries the elements favorable to a large 
production of the precious metals—rich and varied ores and abundant 
fuel, both coal and wood. As yet, however, owing to lack of develop­ 
ment and want of sufficient transportation facilities, it has not taken its 
proper rank as a producer. Owing to the great extent of territory over 
which its mines are scattered, and the fact that, from circumstances be­ 
yond our control, the collection of statistics was not completed until the 
winter was far advanced and travel rendered thereby very difficult, 
our data leave something to desire in point of completeness. It was 
evident that the figures of gold production deduced from the schedules 
were below the truth, since the mint returns report the gold produc­ 
tion of Montana as a little over a million dollars in excess. As the mint 
figures are certainly below the truth, it was proper that this difference 
should be added, the only question being to what branch of mining it 
should be credited. Now, the census returns from placer and hydraulic 
mines were notoriously incomplete, since, owing to the lateness of the 
season, but few of their owners could be found; but it is well known 
that they form the most important element in the gold production of 
Montana. On the other hand, it was thought that returns had been 
obtained from practically all the mills and smelting works. Under these 
circumstances it was judged best to discard the census figures for 
hydraulic and placer mines altogether, and assume as their production 
the difference between the amount of gold produced, as determined by 
mill and smelters' returns, and the total product obtained from mint 
returns. While, therefore, it is possible that a small amount of the 
gold credited to hydraulic and placer mines may belong to mill pro­ 
duction, it is probably not more than that by which the mint returns 
fall short of giving the total gold production of the Territory as gold 
which, for various reasons, had not passed through the hands of its 
agents.

The following table gives the production of the deep mines of Montana 
by counties, and the yield of the ore treated, as far as could be ascer- • 
tained, though some small lots of ore are known to have been shipped 
east, which could not be traced:
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TABLE XXV.—MONTANA—Production of deep mines for the year ending May 31,1880.

County.

Beaver Head . . . 
Doer Lodge 
Jefferson . .... 
Lewis and Clarke

Total......

County

Beaver Head . - - 
Deer Lodge . . . 
Jefferson ...... 
Lewis «md Clarke

Total .---..

Ore raised during census year.

Tons.

10, 936 
81, 256 
3,315 

10, 493 
8,838

114,858

'a 

ts

y
Tons

10,902 0 
57, 020 0 
3, 038 0 

10, 343 0 
5, 264 5

86, 576 5

Average assay value 
por ton

Gold

Dolls

2 22 
6 34 

54 66 
16 18 
28 45

9 95

Silver.

Dolls

96 W 
45 19 
29 70 

6 33 
1 40

42 G8

Gold 
and 

silver

Dolls

98 41 
51 53 
81 36 
22 51 
29 85

52 63

Average yield per 
ton

Gold

Dolls

1 81 
5 92 

18 49 
12 71 
16 49

7 30

Silver

Dolls

66 90 
34 83
24 54 

2 44 
07

32 52

Gold 
and 

silver

Dolls

68 71 
40 75 
43 03 
15 15 
16 56

39 82

Assay value of ore raised during census year

Gold

Ounces

1, 176 2 
24,910 7 

8,818 6 
8,215 0 

*12, 166 2

55, 286 7

Dolls

24, 314 
514, 950 
182, 297 
169,819 

*251, 498

1, 142, 878

Silver

Ounces

813, 727 
2, 840, 198 

76,616 
51, 379 

9,582

3,791/502

Dolls

1, 052, OG8 
3, 672, 092 

99, 057 
66, 428 
12, 389

4, 902, 034

Total.

Dolls

1, 076, 382 
4, 187, 042 

281, 354 
236, 247 

'263, 887

6, 044, 912

Bullion produced from ore raised and treated dur­ 
ing census year

Gold

Ounces

955 4 
10,337 7 
2,717 2 
6,361 3 
4,198 8

30, 570 4

Dolls

19, 750 
337, 729 

56, 169 
131, 499 

86, 798

631, 945

Silver

Ounces

564, 110 
1, 536, 134 

57,670 
19, 554 

292

2,177,760

Dolls

729, 338 
1, 986, 067 

74, 562 
25, 281 

378

2, 815, 626

Total.

Dolls

749, 088 
2, 323, 796 

130, Til 
156, 780 
87, 176

3, 447, 571

County

Beaver Head . . -

Jefferson 
Lewis and Clarke 
Madison ...... .

Total . ......

Ore raised but 
not treated

Tons

34 0
24,227 0 

297 0 
150 0 

3,573 5

28, 281. 5

As^av value of ore raised during census 
year and remaining on hand at close of 
year

Gold.

Ozs

5,~8G7~6 
3, 990 9 

119 0 
2,883 7

12, 861 2

Dolls

121," 294 
82, 499 
2,460 

59, 611

265, 864

Silver

Ozs

4,208 
852, 237 

2,700 
600 
558

860, 303

Dolls

5,440 
1,101,857 

3,491 
776 
7^1

1, 112, 285

Total

Dolls

5,440 
1, 223, 151 

85,990 
3,236 

GO, 332

1, 378, 149

Bullion produced from ore 
raised pnor to census year

Gold

Ozs

203 2 
11 3

313 5 

528 0

Dolls

4,200 
234

6,481

10, 915

Sliver

Ozs

ei, 80s
1,029

62, 837

Dolls

79, 911 
1,330

81,241

Total

Dolls

84,111 
1,564

6,481

92, 156

'Estimated

In the foregoing table tlie following possible cause of error should be 
noted: In Summit Valley district, Deer Lodge County, owing to the in­ 
complete character of some of the returns, and the fact that many mines 
sell ore to both mills and smelters, there has been a possible duplication 
in estimating the bullion product. This overestimate, if such it really 
is, would not, however, amount to more than 500 tons, and is probably 
more than offset by the insufficiency of the data obtained. Consider­ 
able copper ore carrying silver goes out of the county for treatment, 
some of which could not be traced. Manganese ore, carrying some sil-



372 PRODUCTION OF THE PRECIOUS METALS.

ver, is used by the smelters as flux, and is not accounted for in the 
"Tons raised"; but its yield should appear in the "Bullion produced". 

The following table shows the relative amounts of ore reduced in 
stamp mills and by smelting works, with the average yield per ton, and 
total contents in gold and silver in each case:

TABLE XXVI.—MONTANA—Ore treated by smelting ivories and amalgamating mills.

Milled ......
Total ..

Ore 
treated.

Tons.

14,880 0 
71, 896. 5
86, 576 5

Average yield per ton

Gold.

Dollars

64 
8 65
7 30

Silver.

Dollars.

78 36 
23 18
32 52

Gold 
and

silver

Dollars

79 00 
31 83

39 82

Bullion produced

Gold

Ounces.

454 4 
30,116 0

30, 570 4

Dollars

9,393
622, 552

631,945

Silver

Ounces.

889, 382 
1, 288, 398
2, 177, 760

Dollars

1, 149, 856 
1, 665, 770
2, 815, 626

Total.

Dollars.

1, 159, 249
2, 288, 322

3, 447, 571

HYDRAULIC AND PLACEK MINES.—The gravel deposits of Montana 
form an important source of its wealth, and their product is known to be 
very considerable. The figures for this product, as explained above, 
have been assumed, in the absence of more reliable data derived from 
direct information, and are:
Gold......— ...... ......... ............................"......ounces.. 56,25o.6
Value...... ........................................................... $1,162,908

The counties from which hydraulic-mine returns were received are 
Deer Lodge, Meagher, Beaver Head, and Lewis and Olarke, the relative 
amount of production reported from each standing in the order in which 
they are named above.

The ores of Montana, like those of Colorado, contain considerable 
amounts of copper and lead, which cannot be neglected in considering 
its production of metals. The table below gives the amounts which 
could be traced, a portion of the copper having been reduced to copper 
oxide in Colorado. The figures quoted are for crude bullion which was 
not reduced to the metallic state within the Territory. A certain amount 
of copper ore was shipped directly east from Montana, but its value or 
contents could not be ascertained.

TABLE XXVII.—MONTANA—Crude bullion product for the year ending May 31,1880.

County.

Total .. ........

Gross tons

1,568 
525 
83

2,170

Base bullion

Lead

Tons

1, 132.6
81 5

1, 214 0

Dolls

101, 925
7,335

109, 260

Copper

Tons

186 25 
420 00

606 25

Dolls.

74,500 
168, 000

242, 500

Precious metal contents

Gold

Ozs.

343 5 
332 0

Dolls

7,101 
6,863

675 5j 13, 064

Silver

Ounces

562, 574 
160, 300 
30, 378

Dolls.

727, 352 
207, 252 

39,276
753,252 973,880

Total

Dolls.

903, 777 
382, 353 

53, 474
1, 339, 604

Lead, $90 p er ton Copper, $400 per ton
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NEW MEXICO.
Although during the census year the mines of New Mexico were at­ 

tracting much attention, their practical development was awaiting the 
completion of the railroads which were about to intersect it. Its mining 
districts were, many of them, difficult and even dangerous of access, and 
it was almost impossible to ascertain in advance whether they had actu­ 
ally producing mines. The collection of statistics under these circum­ 
stances was peculiarly difficult, and the completeness of the material 
obtained was seriously impaired by the assassination^ of Col. 'Charles 
Potter, the expert in charge of this Territory. The data presented be­ 
low do not necessarily give a fair idea of the capabilities of the Terri­ 
tory as a mineral producer. It is believed, however, that the quantity 
of ore produced during the census year, and not accounted for below, is 
not of very great amount.

The subjoined table gives the production of the deep mines by counties:
TABLE XXVIII.—NEW MEXICO—Production of deep mines for the year ending May 31,

1880.

County.

Tons.

Average assay value 
per ton

Gold

Dolls

Silver.

DoUs

Gold 
and 

silver,

Dolls

Total assay value of ore raised during census
year

Gold.

Ozs. Dolls

Silver

Ozs. Dolls

Total.

Dolls.

Dofia Ana 
Grant - . - - 
Santa Fe .

718 5
9,668.0

100 0
82 65
2 62

20 67
79 78
32 32

82 65
82 40
52 99

2, 872 8
1.225 0

100 0

59, 386
25, 323
2,067

596, 567
2,500

771, 301
3,232

Total 10,486 5 8 28 73 86 82 14 4,197 8 86,776 599,067 774, 533

59, 386
786, 624

5,299

861, 309

County.

Tons.

Average yield per ton

Gold.

Dolls

Silver.

Dolls

Gold
and

silver

Dolls

Bullion produced from ore raised during cen­ 
sus year.

Gold

Ounces Dollars.

Silver

Ounces Dollars

Total.

Dollars

DoBa Ana 
Giant.....

718 5
6,734 0

49 59
2 04 58 26

49 59
60 30

1, 723 7
663 8

35, 632
13, 722

Total 7,452 5 6 62 52 65 59 27 2,387 5

303, 455

49,354 303,455

- 392, 337
35, 632

406, 059

392, 337 441, 691

County.

Tons.

Assay value of ore raised during census year and 
remaining on hand at close of year '

Gold.

Ounces. Dollars.

Silver

Ounces Dollars

Total

Dollars

Grant.-. . 
SantaFe.

Total-

2,934
100

3,034

100

100

2,067

2,067

178,288
2,500

180,788

230, 509
3,232

233,741

230, 509
5,299

235, 808
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PLACEK MINES.—Considerable rich placer ground is known to exist in 
New Mexico, but as yet but little gold has been obtained from it, owing 
to want of water. No record could be obtained of any product from 
such workings during the census year.

WYOMING.

Wyoming is surrounded on three sides by important mining regions, 
but has as yet developed but few mines -within its borders. During the 
census year, as far as could be ascertained, the actual production of gold 
and silver has been confined to Sweetwater County, of which the pro­ 
duction is given below:
TABLE XXIX.—WYOMING—Production of deep mines for the year ending May 31, 1880.

County

Sweet-irater
Total .......

County

Sweetwater ...... 
Total .......

Ore raised dnnng census year

Tons

843
843

1
rtfrtf

j£
Tons

843
843

Average assay ralue 
per ton

Gold

Dolls

*27 42
*27 42

Silver

Dolls

......

Gold 
and

silver

Dolls.

*27 42
*27 42

Average yield per 
ton

Gold

Dolla

20 55
20 55

Silver.

Dolls.

.....

.....

Gold 
and

silver.

Dolls

20 55
20 55

Total assay value of ore raised dnnng census year.

Gold

Ounces

*1, 118 1
"1, 118 1

Dollars

•23, 113
*23, 113

Silver

Ounces Dollars

Total.

Dollars

*23, 113
*23, 113

Bullion produced from ore raised and treated 
during census year

Gold

Ounces

837 9
837.9

Dollars

17, 321
17, 321

Silver.

Ounces Dollars

Total

Dollars

17, 321
17, 321

•Estimated.

STATISTICS OF THE EASTERN DIVISION.

The following tables, which are grouped together without comment, 
are compiled from schedule data furnished by Prof. Eaphael Pumpelly, 
together with such information as could be gathered from other sources 
than the direct census investigation. Some unavoidable gaps occur in 
the tables, arising chiefly from the uncertainty regarding assay values 
to be expected where mining is conducted on a small scale. The esti­ 
mates for Michigan and for Tennessee are not included in this exhibit, 
as they are derived exclusively from material other than that collected 
directly by the experts.
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TABLE XXXIII.—MAINE—Production of deep mines for the year ending May 31, 1880.

County.

York........ .....
Total ......

County

Total ......

County.

Penobscot ... . . 
Yoik ..... ....

_ Total . ....

Ore rawed during 
census year

Tons.

1,800 
400 

50
2,250

•o
3

**+»

1
Tons

400
400

Average assay value 
per ton.

Gold.

Dolls

26 87 
6 76
4 93

Silver.

Dolls

30 00 
6 17 

32 30
24 30

Gold 
and

silvei

Dolls.

30 00 
32 04 
39 05
29 23

Average yield per 
ton

Gold.

Dolls.

7 50
7 60

*! 
I1

Tons.

1,400 
400 

50

1,850

Silver.

Dolls

18 00
18 00

Gold 
and 

silver

Dolls

25 50

25 50

Assay value of ore raised during censns year.

Gold.

Ounces

519 9 
16 3

536.2

Dollars.

10, 748 
337

11, 085

Silver.

Ounces.

39,440 
1,589 
1,249

42,294

Dollars

51, 000 
2,068 
1,615

54,683

Total

Dollars.

51, 000 
12, 816 
1,953

65, 768

Bullion produced from ore raised and treated 
during census year.

Gold.

Ounces

146 1
145 1

Dollars

3,000
3,000

Silver

Ounces

5,509

5,569

Dollars

7,200
7,200

Total

Dollars

10, 200
10, 200

Assay value of ore raised during censns year and remaining 
on hand at close of year.

Gold.

Ounces

619 9 
16 3

536.2

Dollars

10,748 
337

11, 085

Silver.

Ounces

32, 486 
1,589 
1,249

35,334

Dollars.

42, 000 
2,068 
1,615

45,683

Total.

Dollars

42, 000 
12, 816 
1,952

56, 768

TABLE XXXIV.—NEW HAMPSHIRE—Production of deep mines for the year ending May
31, 1880.

County.

Total........

•a 
§ 
•g'g

t-*Q
£ o

Tons.

2,183
2,183

Average yield per 
ton.

Gold.

Dolls.

6 04

5 04

Silver

Dolls

7 32
732

Gold 
and 

silver.

Dolls

1236

1236

Bullion produced from ore raised and treated dur­ 
ing census year.

Gold.

Ounces

632 1
532 1

Dollars

11,000

11,000

Silver.

Ounces

12,376

12, 375

Dollars.

16, 000
16, 000

Total

Dollars'

27, 000

27, 000
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TABLE XXXV.—NORTH CAROLINA—Production of deep mines for the year ending May
31, 1880.

County

Mecklenburg ..... 
Moore — .. .....

Total .......

County.

Ciuilford . ..... 
Mecklenburg ......
Nash . ...........

County.

Total .....

Ore raised during 
census 3 ear

Tons

20, 200 
1,821

10 
11, 370 

625 
60 

1,200 
500

35, 788

'O 
1 .

11 
1*

Tons.

206 
1,821 

10 
11, 370 

625 
60 

500
14, 586

Average assay value 
per ton.

Gold

Dolls

17 50

0 00

Silver

Dolls

2 50

3 00

Gold 
and 

silver

Dolls

20 00

12 00

Average yield per 
ton

5 "o 
cB

Dolls

10 00 
5 00 

28 70 
8 33 
7 84 

20 07 
4 00
7 83

Ore raised but not treated,

Tons

20, 000 
1,200

21, 200

1
Dolls

0 16

.....

Gold and silver.

Dolls.

10 00 
5 00 

28 70 
8 33 
8 00 

20 07 
4 00
7 83

Aasay value of ore raised during censua year.

Gold

Ounces

16, 931 2

522 4

17, 453. 6

Dollars.

*350, 000

10, 800

360, 800

Silver

Ounces

38, 673

2,784

4 1,457

Dollars

*50, 000

3,800

53,599

Total

Dollars.

-400, 000

14, 400

414, 400

Bullion produced from ore raised and treated 
during census year.

Gold

Ozs

96.8 
440 5 

13 9 
4,584 5 

237 0 
58 2 

. 96 8
5, 527 7

Dolls

2,000 
9,107 

287 
94, 770 
4,900 
1,204 
2,000

114, 268

Silver.

Ozs.

-

77

77

Dolls.

100

100

Total

Dolla

2,000 
9,107 

287 
94, 770 
5,000 
1,204 
2,000

114, 368

Assay value of ore raised during census year and remaining on 
band at close of year.

Gold

Ozs. Dolls

*16, 931 2 *350, 000 
522 4 10, 800

*17, 453. 6 *360, 800

Silver

Ozs

*38, 673 
2,784

*41, 457

Dolls

*50, 000 
3,600

»53, 600

Total.

Dolls

*400, 000 
14, 400

414, 400

* Estimated.

TABLE XXXVI.—NORTH CAROLINA—Production of placer mines for the year ending
May 31, 1880.

County.
Gold

Ounces. Dollars

Montgomery. 
Pope ........

Total

207 6
19 1

226.7

4,201
306

" 4,687
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TABLE XXXVII.—SOUTH CAROLINA—Production of deep mines for the year ending May
31, 1880.

County.

Total ...... ........ ...... .. ......... ...................... .. .......

Gold bullion pro­ 
duced irora ore 
raised and teeated 
during census 
year

Ounces

24 2 
290 2

314 4

Dollars

500 
6,000

6,500

TABLE XXXVIII.—SOUTH CAROLINA—Production of placer mines for the year ending
May 31, 1880.

Gold

Chesterfield. . ....... .. . .. ... .... ............ .............. ... .... .....
Total .. .. ......... ... ............ ........ ......... ..............

Ounces.

316 4
316 4

Dollars

6,541
6,541

TABLIS XXXIX.—VIHGINIA—Production of deep mines for the year ending May 31,1880.

County.

Total...... .. ......

County

Total from schedule 
data ...... . ... 

A dditional production 
shown by mint re-

Total...... ........

Ore raised during 
census year

Tons

74 
90

164

1
5 ®
2| 
1

Tons.

74 
5

70

A\ erage assay value 
per ton

Gold 
Gold Sliver and 

silver

Dolls Dolls Dolls

40 09 1 40 41 49

Average assay valueperton — 

gold

Dollars

5 00 
35 80

6 06

Gold bullion pro­ 
duced from ore 
raised and treated 
during census 
year

Ounces

17 9
8 7

26 6 

424.3

450.9

Dollars

371 
179

550 

8,772

9,322

Assay value of ore raised 
year.

Gold

Ozs Dolls

174 5 3, 608
174 6 8, 008

Ore raised but not 
treated

Tons.

85

85

85

dunng census

Silver

Ozs

97

97

Dolls

126

126

Total.

Dolls.

3,734

3,734

Assay value of ore raised dunng 
census year and remaining on 

hand at close of year.

Gold

Ozs

164 8

164 8

164.8

Dolls

8,408

3,408

3,408

Silver.

Ozs

94

94

94

Dolls

122

122

122

Total.

Dollars.

3,530

3,530

8,530



KING] TENOR OF PLACER GOLD. 379
SILVEK CONTAINED IN PLACEK GOLD.

No account is taken by the miners of the silver alloyed with placer 
gold, unless in the exceptional cases where the value of the former is 
allowed for in the sale of the product, as in direct sales to the mints or 
United States assay offices. In the aggregate this silver forms a consid­ 
erable item, which should be included in the total product, but which 
has usually been disregarded by statisticians.

The schedules of the experts contain data for a close estimate as to 
the average tenor of the placer product. A statement of the fineness 
in gold of samples from various localities is appended.

TABLE XL.—Specimen examples of placer gold. 

CALIFOENIA

County and locality

BUTTE

CALAVEBAS.

DEL NOBTE

BL DOKADO

HUMBOLDT.

PLACES
Bath... ...... ............. ............. .......
DntchFlat-. .......................... ............

FLUMA8.

S11ASTA.

8I8KIYOU.

Galena Hill........................................

Oro JTino ........... — .... — .......... .... _ ..

Fineness in 
gold

0 900 
0 970 
0 900 

0.905—0 908 
0 942

0 800—0 960

0 887—0 925 
0 900 

0 875—0 935 
0 900 

0 944—0 950

0 980

0 940 
0.726

0 850 
0 900—0 910 

0 900 
0 784—0 814 
0 925—0 960

0 924 
0 885 
0 936 
0 924 
0.846

0.885

0859 
0.860 

0 900—4 950 
0 880-fl. 930 

0 850 
0 800—0 8C5 
0.835—0 900 
0 750—0 900 

0 762

Kemarks.

Sold for $13 to $17 per ounce. 

Sold for $17 75 per ounce.

Sold for $17 per ounce.
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TABLE XL.—Specimen examples of placer gold—Continued. 

CALIFOKNIA—Continued.

County and locality.

Yreka... ......................... ...............

STANISLAUS.

TRINITY.

EedHul...... .. ...............................
Trinity Center.....................................

Fineness In 
gold

0.827
0 850

0 887—0.912
0 805
0 835

0. 749—0 863

0.920

0 890-0 900
0 894—0 896
0 914—0 917

0 920
0 875 0 915
0 910—0. 917

0 887—0 903
0.906 0.927

Remarks '

COLOEADO.

CHAFFEE

CLEAR CKEEK.

LAKE.

PARK

KOUTT

SUMMIT

0 850

0.880

0.850—0.875

0.819

0.666

0 750—0 820
0. 850—0. 900

DAKOTA.

LA WHENCE

PEHNINGTOH.

0 940
0.870

0 925
0 925—0. 940

0 940

GEOEGIA.

/ 
CHBROKEE.

BALL.

810 G.M. 9th and 12th districts......... ............

0.927

0. 900—0 916
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TABLE XL. —Specimen examples of placer gold—Continued. 

GEOEGIA—Continued.

County and locality

LUMEKIN

WIII1E

UNION.

Fineness in 
gold.

0 9CJ 0 992

0 945

0.981

Remarks.

IDAHO

BOISE
0 7806

MONTANA.

BEAVER HEAD.

DEER LOUGH

GoldHill ..... ............................ ......

Summit Valley .. -. ..... .... . . . ...
LEWIS AND CLARKE

HEAGHER

0 935

O GR ft A QCf!

Q 795 _ 0 730
0 860-0 930
O Q9K A QAf\

0 700 

0.910

0 830—0 835
O ttAt\ __ fl QQ(1

*

OEEGON

BAKEE

CURRY

DOUGLAS

ORANT.

Trail Creek............ ........... ..............

0 810 0 900
0 840 0 853

0 725
Q ^gQ ___ Q gQQ

0 750
0 782—0 851

0 850 0 860
0 825

0 900—0 0;.6
0 8^5—0 830

0 850—0 900

0 850
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TABLE XL.—Specimen examples of placer gold—Continued. 

OBEGON—Continued.

County and locality.

JACKSON.

WolfCreek . ................... ..... .... ....

JOSEPHINE.

Waldo...... . ...... ...... ....................
Ynnk ........ ........................... ..... ..

UMATILLA.

WA8CO.

Fineness in 
gold.

0 850
0 846
0 975
0 870

0 875—0 900
0 950
0 SCO

0 810—0 900
0 S2G— 0 908

0 805—0 875

0 900
0 900
0 900
0 967

0 711

Remarks

From the same sources the following condensed abstract has been 
prepared, showing the average fineness in gold and silver of the placer 
yield of several States and Territories, with the number of specimen 
examples from which these averages are derived. The amount of base 
metal contained in the crude bullion varies from nothing to 0.020.

TABLE XLI.—Average tenor of placer gold.

State or Territory. >

Total. .. .......... ... ........ ................ ....... .. ...

Number of examples

80 
9 
7 

10 
413 

14 
77

010

Average fineness

Gold

0 8836 
0 8205 
0 9235 
0 9228 
0 7800 
0 8951 
0 8727

Silver.

0 1124 
0. 1705 
0 0725 
0 0732 
0, 2134 
0 1009 
0 1233

From eighty examples of California placer dus_t and bullion an aver­ 
age fineness of 0.8836 is derived, a proportion slightly in excess of that 
stated in Dana's "Mineralogy," where the fineness is quoted at 0.875 to 
0.885, or an average of 0.880. It is possible that the census average is 
a trifle too high, owing to the natural tendency of producers to overesti-
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mate the fineness of their gold; but the slight difference between it and 
the figures given by Dana would not materially affect the general result.

The average for Idaho is of 413 lots of placer gold from Bois6 basin, 
a district producing three-fourths of the total for the Territory. This 
gold is of less fineness than that obtained in several other localities in 
Idaho, but the average stated will hold as a close approximation for the 
total.

There are three methods of obtaining from these data an average for 
the United States—neither of which is quite free from defects.

If the sum of the figures representing the average gold fineness for 
the several States and Territories be divided by seven, the number of 
the States and Territories from which reliable data as to fineness are 
obtainable, the quotient is 0.871257, which may be described as an aver­ 
age of geographical distribution. This, however, does not represent the 
average fineness of the whole actual amount produced, for by this 
method each State and Territory is taken as an equal member in the cal­ 
culation, without regard to the large difference in their several products. 
Thus, Georgia, with a product of $66,863, has as much weight in influ­ 
encing the general average as California with a placer yield of $8,580,989, 
or 128 times as large.

Another mode is to give each individual example equal weight, dis­ 
regarding territorial limits. Dividing the sum of fineness in gold of 610 
specimen examples, 495,887, by 610, an average of 0.8129 is obtained. 
This gives a true average for the number of cases in which the fineness 
is definitely given in the schedules, but represents neither the average 
according to geographical distributiou nor that of the whole product. 
In this way California, with a placer product nine and three-fourths 
times greater than that of Idaho, is largely overweighted by the latter, 
owing to the preponderance of examples furnished by Idaho in the cen­ 
sus returns. The result is evidently too low.

The third and preferable method is to multiply the average fineness 
for each State and Territory by the coefficient of the several yields, and 
then divide the sum of the products so obtained by the sum of the co­ 
efficients. This gives each not an equal but a just weight. The result 
is the average fineness of the total product without reference to the pro­ 
ducing source. This principle is thus applied:

State or 
Territory

Dakota...... ......................

Tc

Average 
fineness in go]

........ 08836

........ 0.8205

........ 0.9235
O Q9OQ

........ 07806

........ 0.8951

........ 0.8727

»tn,l n.vprn.n'p. o-nld fir

a s

X 
X 
X 
X 
X 
X 
X

ip.nfis

field of placer 
cold in millions 

oi Uollais
8. 581 = 
0. 102 = 
0. 051 = 
0. 067 —
0. 880 —
1. 103 = 
0. 926 =

11 770

10. 310SJ82

Resultants.

7. 5821716 
0. 0836910 
0. 0470985 
0. OG18276 
0 686928U 
1. 0410013 
0. 8081202

10. 310838J

— n S7r>no
11 770
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The proportionate contents in silver and in base metal are similarly 
ascertained. By using the figures representing the average tenor of 
the placer gold for each of the States and Territories for which reliable 
data are obtainable, and assuming the general average deduced from 
them for the cases in which the returns are defective, the probable total 
silver contents may readily be calculated. It is found that the 580,766.6 
ounces of fine gold were associated with 80,177.3 ounces of fine silver 
and 2,753.2 ounces of base metal, making the total weight of the crude 
placer gold 663,697.1 ounces. In mint value the silver contents were 
worth only $103,661 as against $12,005,524 for the gold. Thus while 
the ratio of silver to gold products was 1: 7.2437 in weight, it was only 
1:115 8153 in assay value. At the market rates the value of this placer 
silver, if any account were taken of it, would be considerably less, or a 
ratio of about 1:131. The loss to the miners in the price paid for the 
actual gold contents of the placer dust, when sold in small quantities 
to local dealers, is so much greater than the whole value of the silver 
contents, that the latter does not appear to them a matter of any con­ 
sequence. The amount of silver alloyed with the placer gold of the 
several States and Territories is shown in the accompanying table:

TABUS XLII.—Contents and mint value of oude placer gold.

State or Terri­ 
tory

Arizona .... 
Cahlornia .. . 
Colorado ... . 
Dakota . .
Georgia . 
Idaho......
Montana . 
Nevada - 
North Carolina 
Oregon . 
South Carolina 
Utah ..........
Washington . . . 

Total ..

Contents of placer gold.

Fine gold

Ounces

287 9 
*1,451 2 

415, 105 0 
4, 921 9 
2, 460 3 
3, 234 5 

42,552 8 
66, 255 6 
•2,418 7 

*226 7 
44,811 5 

316 4 
967 5 

5, 756 6

580, 766 6

Pine silver

Ounces.

*39 4 
»198 8 

52,804 2 
1, 052. 8 

193 1 
256 6 

11,633 1 
6,341 4 

*331 3 
*31 0 

6,331 2 
*43. 3 

*132 5 
*788. 6

80,177.3

Base metal

Ounces.

1 3 *6 6
1,879 1 

24 0 
0 2 

14 0 
327 1 
251 4 
*11 0 
*] 0 

205 4 
*1.4 
-4 4 

*26 3

2, 753. 2

Total crude 
metal

Ounces.

328 6 
*1, 656 6 

469, 788 3 
5, 998 6 
2,653 6 
3, 505 1 

54, 512 9 
62,848 4 
*4761 1 

»258 8 
51,348 1 

*361 2 
H, 104 4 
*6, 571 4

663,697 1

Mint value

Gold

Dollars

5, 051 
*30, 000 

8, 580, 089 
101, 745 

50, 859 
66, 863 

879, 645 
1, 162, 908 

*50, 000 
*4, 687 

926, 336 
6,541 

20, 000 
119, 000

12, 005, 524

Silver.

Dollars

*51 
*2'J7 

68,271 
1,301 

250 
332 

15, 040 
8,199 
*428 *40 

P, 186 •56 
*171 

*1, 019

103, 661

Total

Dollars

6,002 
*30, 257 

8, 649, 260 
103, 106 
51, 109 
67, 195 

894, 685 
1, 171, 107 

*50, 428 
*4, 727 

934, 522 
*6, 597 

*20, 171 
*120, 019

12, 109, 185

•Estimated

or PRODUCTION STATISTICS.
The total product of each State and Territory, including the yield of 

the deep mines from ore which was raised prior to, but reduced during, 
the census year, and also the silver contents of placer gold, appears in 
the complete exhibit contained in the following table, which shows the
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aggregate bullion output of tho United States for the year ending May 
31,1880:

TABLE XLIII.—Pi oduction by geographical divisions. 

PACIFIC DIVISION

Alaska ............................... ... ... ............

Utah.... ...... ... .. ... ... .. ........ .. ............

Total .................... .. ...... ..... .. .. ..

Gold.

$5,951
211, 960

17, 150, 954
4, 888, 247

291, 555
135, 800

25, 261, 828

Product.

Silver

$51
2, 325, 820
1,150,880

40t, 550
27, 793

4, 74ii, 090

21, 143, 881

Total

$6,002
2, 537, 792
1,944,205

17, 318, 913
1,125,493
5, 034, 045

136, 819
46, 405, 709

DIVISION OS THE ROCKY MOUNTAINS

Total ... ................... .... ... ...... ..

$2, 699, 900
3, 305, 840
1, 805, 768

4'J, 354

7, 878, 189

$16 549 274

392, 337

19, 917, 490

$19 249 174
3, '170, 659
4,710,834

441 691
17, 321

27, 795, 079

EASTERN DIVISION.

Total

$1, 300
81, 030
3,000

11, 000
118 935

13, 041
1 QQO

9,322

$332

25, 858
16, 000

56

49,580

4si Ififl
81, 362
10, 200
25 858
27, 000

119, 095
1 098
M22

QQQ *>Q9

SUMMARY

Total .. ........... ... ... .. .. .... ..... ... .

*ofi *>fi1 Q9Q

239, 646

$21, 143, 881
19, 917, 490

49, 5e6

41,110,957

$40, 405, 709
27, 795, 67<>

289, 232

The relative quota contributed by each of the three great arbitrary 
divisions into which the country has been apportioned is indicated in 
the foregoing abstract, from which it will be seen that the Pacific di­ 
vision furnished 75.68 per cent, of the gold, 51.43 per cent, of the silver, 
and 62.43 per cent, of the total. The division of the Eocky Mountains 
yields 23.60 per cent, of the gold, 48.45 per cent, of the silver, and 37.18 
per cent, of the total. The product of the Eastern division represents 
0.72 per cent, of the gold, 0.12 per cent, of the silver, and 0 39 per cent, 
of the total.

25 a A
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Tlie bullion product of the deep mines of the United States for the year 
under review amounted to 35 tons 900 pounds avoirdupois (1,033,073.1 
ounces troy) of fine gold, andl,087 tons 900 pounds avoirdupois (31,717,299 
ounces troy) of fine silver. That of the placer mines weighed 19 tons 
1,824 pounds avoirdupois (580,7GG.G ounces troy) in fine gold, with which 
were alloyed 2 tons 1,498 pounds avoirdupois (80,177 ounces troy) of 
silver. The total weight of fine bullion was no less than 55 tons 724 
pounds avoirdupois (1,614,739.7 ounces troy) of gold, and 1,090 tons 398 
pounds avoirdupois (31,797,470 ounces troy) of silver. These huge figures 
may be better grasped, perhaps, by considering that the gold represents 
five ordinary car-loads, while a train of 109 freight cars of the usual 
capacity would be required to transport the silver. Historians have 
stated that during the early Spanish occupation whole galleons were 
freighted exclusively with silver from the mines of Mexico and Peru. 
This would hardly seein to be an exaggeration, in view of the fact that 
the present annual product of the United States would suffice to form 
the full cargo of a large modern vessel.

COMPARISONS.
The relative proportion of placer gold to that produced by the deep 

mines; the percentage in each class of product of the precious metals 
from the several mining regions of the United States; the average yield 
per square mile and per capita in different localities, and the rank of 
the States and Territories in productiveness, are indicated in the fol­ 
lowing exhibits:
TABLE XLIV.— Percentage of placer gold and gold from deep mines in total gold product.

State or Territory Placer mines

100 00

50 03
3 77

82 51

61.40
1 02

3 04
84 39
50 16

6 86

87 63

35 97

Deep mines

100 00

49 07
06 23

100 00
35 60
98 08

100 00

96 06

49 84
100 00
93 14
100 00
13. 37

100 00

C4 03
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TABLE XLV.—Relative production of the Slates and Territories.

387

State or Territory.

Utah .. .... ................

Total....... .............

Placer mines

Per cent.

0.05
0 25

71 47
0 85
0 42
0 56

0 41

0 04
7 75

- 0 05

0 90

100. 00

Gold.

Deep mines.

Per cent

0 01

0 85
40 09
12 16
15.23

0 07
2 81
0 01

3 01

0 05
0 2J
0 53
0 80

0 01

0 04
0 08
0 08

Total gold

Per cent

0 01
0 02
0 63

8 09
9 90
0 24
4 43
0 01

5 41
14.04

0 03
0 15

3 29

0 01

0 03
0 41
0 05

100 00

Per cent

5 66
2 80

40 25
0.17
1 13
0 02
0 00
7 07

30 24

0.95
0 07

11 54

Total.

Per cent.

3 40
24 70
25 85
4.52
0 10
2 60
0 01
0 03

0 03

1 49
0.01

0 01
0 18
0 02

TABLE XL VI.—Average product per square mile for the year ending May 31,18SO.

States and Territories

Idaho ..... .. ...... ..... .. .. .. ................... . .....

Utah ...... ...... . ............. ...... ..... . . ..... .. .... . .
"Virginia ......... ... ......... ........... ........... ...........

United States (including only the States and Territories producing

United States (including only the States and Territories producing

Average for Colorado, California, Nevada, Utah, Montana, Dakota,

Gold.

$0 02
.01

1 87
108 80

QK QQ

22 17
1 36

17 45
.09

12 36
44 16

1 18
.40

2 28
11.43

43
05

3 43
22

1 96
18

9 11

11.03

19 44

33 47

Sliver.

$20 58
6 84

159 22
48

.22
44

112 29
1 72
3 Of)

flfl9
.20

11 44
13 55
1 B fl9

23 88

42,64

Total.

$0.02
01

115 14
185 20
22 65

1 36
net rJK

31

44
32 19
2 90

2 0 so

.43

.05
KQ OK

22

20 75
24 D8
QO 7fl

43 3°

76 11
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TABLE XLVII.—Average product per capita for the year ending May 31, 1880.

States and Territories

Utah . . ..... . ........ . ..... .. ..... ..... ............ .

United States (including only the States and Terntones produe-

United States (including only the States and Territories jnodnc- 
mjj gold and silver, and not including Alaska) .... . . 

Average for Col 01 ado, California, Kevada, Utah, Montana, Da-

Gold

20
5 24

19 84
13 89
24 46

.05
45 38

46 11

03
.41

08
6 28
.01
.001

2 03

1 81
83

.66
66

2 60

2 61 

21 05

Silver.

$57 51
1 23

85 16
.52

13.78
Oil

.02
73 98

05
3 28

.11

32 94

82
.82

3 20

3 21 

26 80

Total

$0 001
20

62 75
21 09
99 05
24 98

05
59 16

.02

278. 14
3 6<>

08
6 39

34 97
006

1 81
.8-i

1 48
1 48

5 80

5 82 

47 85

TABLE XLVIII.—Batik of the States and Territories in actual product, for the year ending
May 31, 1880.

Gold.

6. Idaho .... ............ ....
8 Utah ..... .. ..... .. ...

16 New Hampshire .. ..... ..

Silver.

3 Utah...... ...... ..... ....

Total

4 Utah
6 Dakota

16 'Wyomins

22. Alabama



KING.] PRODUCT NOT TABULATED. 389

TABLE XLIX.—Rank of the States and Territories in product per square mile, for the year
ending May 31, 1880.

Gold.

6. Idaho ........................

8. Utah. ........---..........--.
10. "Washington .................

Silver.

3. Utah. ........................

9 Dakota
10. Michigan ....................

Total.

4. trtah.

10. New Mexico-

16. South Carolina.
17. Maine.

22. Alaska.

TABLE L.—Bank of the States and Territories in product per capita, for the year ending
May 31, 1880.

Gold.

1. Nevada ......................

5. California....................

19. Maine........................

Silver.

1. Nevada ......................

5. Utah ........................

13. Maino...... ..................

Total.

1. Nevada. 
2. Montana. 
3. Colorado. 
4. Arizona. 
5. Idaho. 
6. Utah. 
7. Dakota. 
8. California. 
9. Oregon. 

10. New Mexico. 
11. Washington. 
12. 'Wyoming. 
13. Alaska. 
14. North Carolina. 
15. New Hampshire. 
16. Georgia. 
17. Michigan. 
18. Maine. 
19. Sonth Carolina. 
20. Tennessee. 
21. Virginia. 
22. Alabama.

PRODUCTION UNACCOUNTED FOB IN THE PRECEDING TABLES.

In addition to the returns received directly from the mines, there are 
several minor points to be included in the total yield. A larger item 
than it is usually considered to be is the annual hoarding of rich speci­ 
mens. This is not accounted for in the mine production as reported. 
While it is impossible to state the actual amount thus absorbed with 
any degree of precision, a careful estimate would place the value of the 
gold nuggets and ore annually added to the cabinets of collectors at not 
less than $150,000, and that of the silver ore at about $50,000. This, in 
view of the great number of mineral collections maintained throughout 
the mining territory, is certainly not an overestimate.
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There is also quite an extensive manufacture of gold quartz into 
jewelry and souvenirs, particularly in San Francisco. The value so 
absorbed does not probably fall short of $50,000 annually. In 1870 the 
United States mining commissioner estimated the amountof gold hoarded 
as specimens or worked up by local jewelers at $400,000. The same au­ 
thority, at that period, estimated the annual loss of gold-dust in hand­ 
ling as currency at $100,000. As the practice of using dust for money 
has almost disappeared, the amount so lost is now very small.

Another indefinite quantity is the value of precious metal lost in melt­ 
ing, in assay grains, etc. Summing up the estimates for these additional 
items, the following result is reached:

TABLE LI.—Production unaccounted for in tabulation.

•

Total. ........... .........................................

Gold

$33, 379, 663
150, 000

50, 000
10, 000
20,000

33, 609, 663

Silver.

$41, 110, 957
50, 000

10, 000

41, 170, 957

Total

$74,490,620

50, 000
10, 000
30, 000

74 780 620



CONVERSION TABLES. 

ASSAY VALUE OP PINE BULLION.

301

For convenience in referring to the dual series of troy weights of fine 
bullion and their equivalent assay values, the following conversion 
tables, which were prepared for use in tabulating the census statistics of 
production, are here appended:

TABJ..K LII.— Coma sion of Tioy ounces of fine metal into United States money
GOLD 

1 ounce Troy=$20.671834 1 dollar = 0 048374057025 ounce Troy.

Ounces

1
2
3
4
5

6
7
S
9

10

11
12
13
14
15

16
17
18
19
20

21
22
23
24
25

26
27
28
29
30

31
32
33
34
35

36
37
38
39
40

41
42
43
44
45

46
47
48
49
SO

Dollars

20 671834
41 343008
62 015502
82 687336

103 350170

124 031004
144 702838
165 J74672
180 040506
20b 718340

227 390174
248 062008
268 733842
289 405676
310 077510

330 749344
351 421178
372 093012
392 704846
41J 436680

434 108514
45t 780348
475 452182
496. 124016
516 795SDO

537 467684
558 139518
578 811352
599 483186
620 155020

640 826854
b61 408688
682 170322
702 842356
723 514190

744 180024
764 857858
785 529692
806 201526
826 873360

847 545194
808 217028
888 888602
909 560696
930 232530

950 904104
971 5701 98
992 24S032

1,012 919866
1, 033 591700

Ounces

51
52
53
51
55

56
57
58
69
(JO

61
62
03
64
65

06
67
68
69
70

71
72
73
74
75

76
77
78
79
80

81
82
83
84
85

88
87
88
89
90

91
9J
93
94
93

90
97
98
99

100

Dollars

1, 054 263534
1,074 935368
1, 095 607202
1, 116 279036
1, 136 950870

1, 157 622704
1, 178 294538
1, 198 966372
1, 210 638206
1,240 310040

1, 260. 981874
1,281 653708
1, 302 325542
1. 322 997376
1,343 669210

1,304 341044
1,385 012878
1, 405 684712
1,426 356546
1,447 028380

1,467 700214
1,488 37?048
1, 500 04J18SJ
1, 529 715716
1,550 387550

1,571 059384
1,591 73U18
1, 612 403012
1,033 074SSB
1, 653 740720

1,674 418554
1, 095 090388
1, 715 762222
1,736 434050
1, 757. 105890

1,777 777724
1,798 449558
1,819 121392
1, 839 793226
1, 860 465000

1,881 136894
1, 901 808728
1, 922 480502
1,943 152390
1, 963 824230

1, 984 496064
2, 005 -167898
2, 025. 830732
2,046 511566
2,067 183400

Ounces

100
200
300
400
500

600
700
800
900

1,000

1,100
1, 200
1,300
1,400
1,500

1,600
1,700
1,800
1,900
2,000

2,100
2 200
2,300
2,400
2,500

2,600
2,700
2,800
2,900
3,000

3,100
3,200
3,300
3,400
3,500

3,000
3,700
3,800
3,900
4,000

4,100
4,200
4,300
4,400
4,600

4,600
4,700
4,800
4,900
5,000

Dollars

2, 067 1834
4, 134 3668
6,201 5">02
8, 268 7330

10, 335 9170

12, 403 1004
14, 470 2838
16, 537 4672
18, C04 6506
20, 671. 8340

22, 739 0174
24, 806 2008
20,873 3842
28, 940 5676
31, 007 7510

33, 074 9344
35, 142 1178
37, 209 3012
39, 276 4846
41,343 6680

43, 410 8514
45, 478 0348
47, 545. 2182
49,612 4010
51, 679 5850

53, 746 7634
55,813 9318
57,881 1352
59,948 3186
C2, 015 5020

64, 082 0854
66, 141 8688
68,217 0522
70, 284 2316
72,351 4190

74,418 6024
76, 485 7858
78, 552 9692
80, C20 i526
82, 687 3360

84,754 5194
80,821 7028
88, 888 8802
90, 956 06»l>
93,023 2530

95,090 4364
97, 157 0198
99, 224 8032

101,291 9866
103, 359 1700

Ounces

5,100
5, 200
5,300
5,400
5,500

5,600
5,700
5,800
5,900
6,000

6,100
6,200
6,300
0,400
6,600

6,600
6,700
6,800
6,900
7,000

7,100
7,200
7,300
7,400
7,500

7,000
7,700
7,800
7,900
8,000

8,100
8,200
8,300
8,400
8,500

8,600
8,700
8, 800
8,900
9,000

9,100
9,200
9,300
9,400
9,500

9,000
9,700
9,800
9,900

10, 000

Dollars

10^,420 3531
107, 493 5368
109, MO 7202
111,627 9031)
113, 095 0870

115,762 2704
117, 829 45S8
119,898 6372
121,963 8206
124,031 0040

126, 098 1874
128, 165 3708
130, 232 5542
132,299 7376
134, 366 9210

136,434 1044
138, 501 2878
140,568 4712
142, 635 651C
144, 702 SJ80

140,770 02 L4
148, 837 2048
150,904 3P82
152,971 5710
155, 038 7D50

157, 105 9384
159,173 1218
161,240 30i2
163, 307 4886
165, 374 C720

167,441 8534
169,509 0388
171, 57B 2222
17 !, 643 4056
175,710 5890

177,777 7724
179 844 9358
181 912 1392
183,979 3220
18C, 046 6000

188, ITS 6894
190, IbO 872«
192, 248 0502
194, SI*) 2396
190, 382 4230

198,449 0004
200, 510 7898
202, 583 97 !2
204,631 1506
206,718 3400
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TABLE LII.—Conversion of Troy ounces of fine metalmto United States money—Coutmued.
SILVER. 

1 ounce Troy=±$1.2929 1 dollar= 0 773455023513 ounce Ttoy.

Ounces

1
2
3
4
5

6
7
8g

10

11
12
13
14
15

16
17
18
19
20

21
22
23
24
25

26
27
28
29
30

31
32
33
34
33

36
37
38
39
40

41
42
43
44
45

46
47
48
49
50

Dollars

1 2929
2 5858
3 8787
5 1716
b.4645

7. 7574
9 0503

10 3432
11 6381
12 9290

14 2219
15 5148
10 8077
18 1006
19. 3935

20 6864
21. »793
23 2722
24 5651
25 8580

27.1509
28 1438
29. 7367
31 0296
32 8225

33 6154
34.9083
36 2012
37. 4941
38.7870

40.0799
41 3728
42. 6657
43 9586
45 2515

46 5444
47 8373
49. 1302
50 4231
a, 7160

53 0089
54 3018
55 5847
56. 8876
58 1805

59 4734
60 7883
62. 0592
63 3521
64.6450

Ounces

51
52
53
54
55

56
57
58
59
60

61
62
63
61
65

66
67
68
69
70

71
72
73
74
75

76
77
78
79
80

81
82
83
84
85

86
87
88
88
90

91
92
93
94
95

96
97
93
99

100

Dollars

65 9379
67 2308
68 5237
69 8106
71. 1095

72. 4024
73. 6953
74 9882
76 2811
77 5740

78 8869
80.1598
81 4527
82 7456
84. 0385

85 3314
86 6243
87 9172
89 2101
90 5030

91 7959
93 0888
94 3817
95 6746
96. 9875

98 2604
99 5533

100 8462
102 1391
103 4320

104 7249
106 0178
107. 3107
108 6036
109. 8965

111.1894
112. 4823
113 7752
115. 0681
116 3610

117. 6539
118 9468
120 2397
121 5326
122 8255

124 1184
125. 4113
126 7042
127. 9971
129. 2800

Ounces.

100
200
800
400
500
600
700
800
BOO

1,000

1,100
1,200
1,300
1,400
1,500

1,600
1,700
1,800
1,9»0
2,000

2,100
2,200
2,300
2,400
2,500

2,600
2,700
2,800
2,900
3,000

3, 100
3,200
3,dOO
3,400
3,550

3,600
3,700
3,800
3,900
4,000

4,100
4,200
4,300
4,400
4,500

4,600
4,700
4,800
4,900
5,000

Dollars

129 29
258 58
387 87
517 15
646 45

775 74
905 Od

1,034 32
1,163 61
1, 292 90

1, 422 19
1,551 48
1, 680 77
1, 810 06
1, 939 35

2, 068 64
2,197.03
2, 327 22
2, 458 51
2,585 80

2,715 09
2,844 38
2, 973 67
3, 102 96
3, 232 25

3,361 54
3, 490 83
3, 620 12
3, 749 41
3, 878. 70

4, 007 99
4, 137 28
4, 268 57
4, 395. 86
4, 525. 15

4, 654 44
4, 783 73
4, 913. 02
5, 042 31
5,171 60

5, 300 89
5, 430. 18
5, 559 47
5, 688 76
5, 818 05

5,047 34
6, 076 63
6, 205. 92
6,335.21
6,464.50

Ounces.

5,100
6,200
5,300
5,400
5,500

5,600
5,700
5,800
5,900
6,000

6,100
6,200
6,300
6,400
6,500

6,600
0,700
6,800
6,900
7,000

7,100
7,200
7,300
7,400
7,500

7,600
7,700
7,800
7,900
8,000

8,100
8,200
8,300
8,400
8,500

8,600
8,700
8,800
8,900
9,000

9,100
9,200
9,300
9,400
9,500

9,800
9,700
8,800
9,900

10,000

Dollars.

6,593 79
6, 723 08
B, 852 37
6,081 60
7, 110 95

7,240 24
7, 369 53
7, 408 82
7, 628. 11
7, 757 40

7, 888 69
8, 015 98
8, 145 27
8, 274 58
8, 403 85

8, 533 14
8, 682 43
8, 791 72
8,921 01
9,050 30

9, 179 59
9, 308 88
9, 4ii8 17
9, 567 46
9,696 75

9,826 04
9,955 3.1

10,084 62
10,213 91
10, 343 20

10,472.49
10,601 78
10,731.07
10, 860 3f>
10, 989. 65

11,118 94
11, 248 23
11, 377 52
11, 506 81
11, 638 10

11, 765 39
11, 894 68
12, 023. 87
12, 153 26
12,282 55

12, 41L 84
12, 541. 13
12, 670 42
12,799 71
12, 929 00
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TABLE LIII.—Conversion of United States money into Troy ounce* of fine metal,

GOLD. 

]dollar=0 048374957925 ounce Troy. 1 ounce Troy=$20 671834

Dollars.

1
2
3
4
5

6
7
8
9

10

11
12
13
14
15

16
17
18
19
20

21
22
23
24
25

26
27
28
29
30

31
32
33
34
35

36
37
38
39
40

41
42
43
44
45

46
47
48
49
60

Ounces

0 048375
0 096750
0 145125
0 191500
0 241875

0 290250
0 338625
0 387000
0 435375
0. 483750

0 532125
0 580499
0 628874
0 677249
0 725624

0 773999
0 822374
0 870749
0 910124
0 967499

1 015874
1 064249
1. 112624
1. 160999
1 209374

1 257749
1 306124
1 354499
1 402874
1 451249

1 499624
1 547999
1. 596374
1.644749
1 693124

1 741498
1. 789873
1 838248
1 886623
1 934898

1 983373
2 031748
2 080123
2. 128498
2. 176873

2 225248
2 273623
2. 321998
2. 370373
2. 418748

Dollars

51
52
53
54
55

56
57
58
59
60

61
62
63
64
65

66
67
68
69
70

71
72
73
74
75

76
77
78
79
80

81
82
83
84
85

86
87
88
89
90

91
82
93
94
95

96
97
98
99

100

Ounces

2 467123
2 515198
2 563873
2 612248
2 660623

2 708998
2 757373
2 805748
2 854123
2 S02497

2. 950872
2 999247
3 047622
3 095997
3 144372

3 192747
3 241122
3 289497
3 337872
3 386247

3 434622
3 482997
3 531372
3 579747
3 628122

3 676497
3 724872
3 773247
3 821622
3 869997

3 918372
3 966747
4 015122
4 063496
4 111871

4 160246
4 208621
4 256996
4 305371
4 353746

4 402121
4 450496
4 498871
4 547246
4. 595621

4 643996
4 692371
4. 740746
4. 789121
4.837496

Dollars

100
200
300
400
500

600
700
800
900

1,000

1,100
1,200
1,300
1,400
1,500

1,600
1,700
1,800
1,900
2,000

2,100
2,200
2,300
2,400
2,500

2,600
2,700
2,800
2,900
3,000

3,100
3,200
3, 300
3,400
3,500

3,600
3,700
3,800
3,900
4,000

4,100
4,200
4,300
4,400
4,500

4,600
4,700
4,800
4,900
5,000

Ounces

4 837496
9 674992

14 512487
19 319983
24 187479

29 024975
33 862471
38 699966
43 537462
48 374958

53 212454
58 049950
62 887*45
67 724041
72 562437

77 399933
82 237428
87 074924
91 912420

' 96 749916

101 587412
106 424907
111 262403
116 099899
120. 937395

125 774P91
130 612386
135 449882
140 287378
145 124874

149 962370
154 799865
159 637361
164 474857
169. 312353

174 14Q849
178 987344
183 824840
188 662336
193 499832

198 337327
203 174823
208 012319
212. 849815
217. 687311

222 524806
227. 362302
232 199798
237 037294
241 874790

Dollai s

5,100
5,200
5,300
5, 400
5,500

5,600
5,700
5,800
5,900
6,000

6,100
6,200
6,300
6,400
6,500

6,600
6,700
6,800
6,900
7,000

7,100
7,200
7,300
7,400
7,500

7,600
7,700
7,800
7,900
8,000

8,100
8,200
8,300
8,400
8,500

8,600
8,700
8,800
8,900
9,000

9,100
9,200
9,300
9,400
9,500

9,600
8,700
9,800
9,900

10, 000

Ounces

246 712285
251 549781
256 387J77
261 224773
2b6. 062269

270 899764
275 737260
280 574756
285 412252
290 249748

295 087213
299 924739
304 762235
309 5997J1
314 4J7227

3.9 274722
324 112218
328 949714
3 (3 787210
338 624705

343 462201
348 299697
353 137193
357. 974689
362 812184

367 649680
372 487176
377 324672
382 1621G8
387. 999663

891 837159
396 674655
401 512151
40b 349647
411 187142

416 024638
420 862134
425. 699630
430 537126
435 374621

440 212117
445 049613
449 887109
454 724604
459 562100

464 3Q9596
469 237092
474 074588
478 912083
483 749579
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TABLE LIII.—Conversion of United States money into Troy ounces of fine metal—Cont'd.

SILVER 

1 dollar = 0 773455023513 Troy ounce 1 ounce Troy = $1 2929

Dollars.

1
2
8
4
5

6
7
8
9

10

11
12
13
14
15

16
17
18
19
20

21
22
28
24
25

26
27
28
29
80

31
32
33
34
85

86
37
88
39.
40

41
42
48
44
45

48
47
48
49
50

Ounces

0 77346
1 64091
2 32037
3 0938}
3 80728

4 64073
5 41419
6 18764
6 96110
7 73455

8 50801
9 28146

10 05492
10 82837
11 60] 88

12 87528
13 14874
13 92219
14 69565
15 48910

16 24256
17 01601
17 78947
18 56292
19 33638

20 10983
20 88329
21 65674
22 43020
23 20365

23 87711
24 76056
25 52402
26 29747
27 07093

27 84488
28 61784
29 39129
30 16475
80 93P20

31.71160
82 48511
33 25857
34. 03202
84 80548

85 57808
36 85239
87 12584
37 89930
88 67275

Dollars

51
52
53
54
55

EG
57
58
59
60

61
62
08
64
65

66
67
68
69
70

71
7J
73
74
75

76
77
78
79
80

81
82
88
84
85

86
87
88
89
90

91
92
93
94
95

96
97
98
99

100

Ounces

89 44621
40 21966
40 99312
41 76657
4J 54003

43 31348
44 08694
44 86039
45 6.-5S85
46 40730

47 18076
47 954^1
48 72767
49 50112
50 27458

61 04808
51 82149
52 59494
53 86810
64 14185

54 91531
55 68876
50 46222
67 23 JW
58 00913

58 78258
59 55604
60 32949
61 1029r>
61 87640

62 649RO
63 42831
64 1Q677
64 97022
65 74368

66 51713
C7 29059
68 06404
68 83750
69 01095

70 88441
71 15780
71 93182
72 70477
73 47823

74 25168
75 02514
75 79859
76 57205
77 84550

Dollars

100
200
300
400
500

COO
700
800
900

1,000

1,100
1,200
1,800
1,400
1,500

1,600
1,700
1,800
1,900
2,000

2,100
2,200
2,300
2,400
2,500

2,000
2,700
2,800
2, 900
3,000

3,100
8,200
3,300
8,400
3,500

3,600
3,700
8,800
8,900
4,000

4,100
4,200
4,800
4,400
4,500

4,600
4,700
4,800
4,900
5,000

Ounces

77 84550
154 69100
28? 03651
309 38201
886 72751

464 07301
541 41852
618 76102
098 10952
773 45502

850 80053
828 14603

1,005 49158
1,082 83703
1, 160 18254

], 237. 52804
1, 314 87854
1,392 21904
1,469 56454
1, 546 91005

1, 624 25555
1,701 60105
1, 778 94655
1, 856 20306
1, 983 63756

2, 010, 98308
2, 088 82856
2, 165 67407
2,243 01957
2,330 3C507

2,397 71057
2, 475 05608
2, 552 40158
2, 629 74708
2, 707 09258

2, 784 43808
2, 861 78359
2,989 12909
8, 016 47459
3, 093 82009

8, 171 16500
3,248 51110
3,325 85060
8,403 20210
8, 480 54761

3,557 8Q311
3, 635 23861
3,712 58411
3,789 92962
3, 867 27512

Dollars

5,100
5,200
5,300
5,400
5,500

5,600
5,700
5,800
5,900
6,000

6,100
6,200
6,800
6,400
6,500

6,600
6,700
6,800
6,900
7,000

7,100
7,200
7,800
7,400
7,500

7,600
7,700
7,800
7,900
8,000

8,100
8,200
8,300
8,400
8,500

8,600
8,700
8,800
8,900
9,000

0,100
9,200
9,800
9,400
9,500

9,600
0,700
9,800
»,<WO

10, 000

Ounces

3,944 62062
4,021 96612
4, 010 31102
4, 176 65713
4, 254 00263

4, 831 34813
4, 408 69363
4,48b 08914
4, 568 38464
4, 640 73014

4,718 07564
4,795 42115
4, 872 76605
4, 950 11215
5, 027 45765

5, 104 80316
5, 182 14806
5,259 49416
5, 336 83908
5, 414 18016

5,491 58067
5, 5t8 87617
5, 646 22167
5, 723 56717
5, 800 91268

6,878 25818
5, 955 60308
6,032 94918
6, 110 29469
6 187 64019

8, 264 985fi9
6, 842 38119
6,419 67670
6, 4Q7 02220
6, 574 36770

6,651 71320
6,729 05870
6, 806 40421
6,888 7497;
6,961 09521

7,038 44071
7, 115 76622
7,188 13172
7, 270 47722
7,847 82272

7,425 10828
7,502 51373
7, 579 85923
7,657 20173
7, 734 5')024

DISCOUNT AND MAKKET VALUE.

The figures given in the production, tables are of assay values, and are 
therefore considerably higher than the actual market value. Disregard­ 
ing express charges, commissions, and cost of refining and coining, 
there is still a large deduction to be made for this discount, in esti­ 
mating the cash value of the bullion to the producers. Assuming 
the gold to have brought on the average $20 per troy ounce, and the
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silver $1.12£ per troy ounce, the cash received would have becu 
$32,394,794 for the gold, $35,772,160 for the silver, aud $08,166,954 
total. The loss to the miners, as compared with the full assay value, 
would therefore have been $984,869 on the gold, $5,338,797 on the silver, 
and $6,323,666 altogether, or about one thirty-fourth of the full gold 
coining value, over one-eighth of the nominal silver value, and over one- 
twelfth in all, during the single census year. While there is no regular 
discount on gold, the large amount of placer gold sold at an under­ 
valuation renders the average price assumed a probable one. The 
price for the silver is an estimate of average local rates for the year.

THE OUTLOOK.

The immediate outlook for the precious metal mines, as a whole, is very 
encouraging. The great Leadville (Colorado), Eureka (Nevada), Tomb­ 
stone (Arizona), and Bodie (California), districts are maintaining a 
steady output, while the new Wood Eiver and other districts in Idaho, 
and a number of recent discoveries in Arizona, hold forth great promise 
for the future. In fact, estimates of the yield subsequent to the census 
period indicate an actual and considerable gain.*

FINAL DISPOSITION OF THE PRECIOUS METALS—COINAGE.

The receipts of bullion of domestic production at the United States 
assay offices, as previously explained, do not indicate the absolute 
amount of the mine output, but they serve as a useful check in many 
instances. The following tables are abstracts from the carefully col­ 
lected statistics of the Treasury Department, selected with reference to 
their bearing upon the question of production :
TABLE LIV.—Receipts of gold and silver of domestic production at the minis and United 

States assay offices during the fiscal year ending June 30, 1880

State or Territory
Gold

Dollars.

752 79 
5,950 90 

158, 919 75 
7, 118, 816 42 
2, 244, 069 74 
2, 750, 022 09 

89,831 08 
510, 546 73

1, 805, 768 00 
518, 261 85 

91, 037 28 
83, 659 57 

583, 365 34 
11, 861 70

Silver

Dollars

.....

991, 323 38 
303,846 91 

1, 257, 790 41 
21, 104 54 

48 73 
102, 999 86 
129, 686 94 

1, 262, 982 32 
5, 087, 242 18 

424, 967 31 
379 18 

1, 174 26 
15 52

Total

Dollars

752 79 
5, 950 90 

1,150,243 H 
7, 422, 663 33 
3,501,800 15 
2, 771, 126 63 

89, 879 81 
613, 546 59 
129, 686 94 

3, Ob8,750 32 
5, 605, 504 03 

516, 004 59 
86, 038 75 

584, 539 60 
11, 877 22

"While this report was going through the press, Wells, Fargo & Co. reported tbe 
yield of the mines of the Western States and Teiritones, together with that flora 
Bntish Columbia, to have been $31,869,686 gold, $45,077,829 silver, and $76,947,515 
total, for the calendar year 1881.
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TABLE LIV.—Receipts of gold and silver of domestic production, $c.—Continued.

Utah . .. ........... ...... .. .. .. ... ... ......--.

Refined bullion (silver) ............. - ... 
Parted from silver ... ......... . ... ...

Total ..... ......... . .. .. ...... . ... ..

Gold

Dollars.

27, 029 19

34, 529 24
17, ii20 70

"l," 449, 524 64

1, 161 47

35, 821, 705 40

Silver.

Doll.118

627,703 85

2,970,757 82

18,728,308 15
32, 132, 756 95

Total.

Dollars

1, 098 30

34, 529 24
17, 320 70

2, 970, 757 92 
1, 449, 524 54

1, 161 47

18, 728, 368 15

67, 834, 462 35

The following tables show the amount of coinage executed during the 
fiscal year ending June 30, 1880, and the total coinage of the United 
States up to that date:
TABU; LV.—Coinage by the United States mints for the fiscal year ending June 30, 1880.

Metal.

Gold ........... ..... .. .... . ........... ................. ........... ..... ..

Coinage exe­ 
cuted.

$56, 157, 735 00
27,942,437 50
84, 100, 172 50

269,971 50

TABLE LVI.—Total coinage by (lie Umted States mints from 1793 to close of fiscal year
ending June 30, 1880.

Metal.

Gold .................. .. .... ..... ...... ................. ...... .. .... . .

Coinage exe­ 
cuted

$1, 133, 103, 322 00
292, 333, 436 90

1, 425, 430, 758 90
13, 283, 167 05

1, 438, 719, 925 95

CONSUMPTION OP THE PRECIOUS METALS IN THE AKTS.

Besides the demand for coinage and export, the precious metals are 
subjected to a further and constant drain in the large annual consump­ 
tion in the arts. Until quite recently it was impossible to ascertain the 
amount so absorbed with any degree of accuracy, though many attempts 
were made to this end by officials and statisticians. In 1870, estimates 
furnished by the large gold-refining houses and manufacturing jewelers 
showed that probably not less than $9,000,000, and possibly over
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$13,000,000, of gold were used in the arts during that year. Ont of this 
indefinite sum it was impossible to segregate the proportion of bullion 
of domestic production so consumed from the United States coin, for­ 
eign coin and bullion, and old articles remelted for manufacturing pur­ 
poses.

Latterly fuller and more reliable data are available. A systematic 
investigation, conducted by the Director of the Mint, Hon. Horatio G. 
r>urchard,has resulted in tracing this consumption with great accuracy. 
Eecords are now kept at the several mints and United States assay 
offices of the value of bars made and delivered by them for use in the 
arts and manufacturing. From these returns, supplemented by indi­ 
vidual reports from a large proportion of the manufacturing establish­ 
ments collected with much care, it is estimated that the amount of gold 
thus consumed in the United States in the fiscal year ending June 30,1880, 
was $10,000,000, and of silver $5,000,000, or $15,000,000 in all. Of this, 
$5,500,000 gold and $4,000,000 silver were of domestic bullion produced 
during the year, together with $2,500,000 gold and $000,000 silver United 
States coin. The remainder consisted of old manufactured articles and 
foreign coin remelted.

This large amount is absorbed mainly in the following principal indus­ 
tries: The manufacture of jewelry, plate, and plated ware, and articles 
of t>ertu; watch-case, gold pen, instrument, and spectacle making; den­ 
tistry; gilding; photography; and to a less extent in glass staining and 
in various chemical processes. In addition to the leading uses enum­ 
erated, there are many others, insignificant individually, but in the aggre­ 
gate demanding a considerable supply of the precious metals.

*

OTHER ESTIMATES OP THE BULLION PRODUCT.

As a means of comparison, several independent estimates, derived 
from different sources of information and compiled upon widely diverse 
systems, are appended. They are:

1. Estimates of Dr. Adolf Soetbeer (as published in Petermann's 
Mittheilungen, ErganzungsheftlSI o. 57) of the product of the United States 
up to the close of 1875; kilograms being converted into troy ounces and 
German marks into United States money. The conclusions reached by 
Dr. Soetbeer were based upon an analytical study and comparison of 
the literature of the subject, and are generally accepted with confidence.

2. Estimates of Hon. Horatio C. Btirchard, Director of the Mint, 
founded upon the "consumption and export" system, supplemented by 
circular inquiries among the producers. The Director, in his annual 
report for 1880, states the gross product for that fiscal year in round 
numbers as $30,000,000 gold, $37,700,000 silver (coinage value), and 
$73,700,000 total.

3. Estimates of Dr. Eossiter W. Eayinond, formerly United States 
Mining Commissioner, for the period covered by his official term.

4. Estimates of Prof. J. D. Whitney.
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TABLE LVII—Dr. Soetbeei's estimate of the production of the precious metals in the United
States to the close of 1875.

Periods.

1821-'30 .... ...
1831-'40 .... ... ..

1851-'55 ..... .. ..
1856-'60 .... . ..

itee-vu ..... ... ..
1871-75 ..... .- .. 

Total .... ..

Number of years

17 
10 
10 
10 

5 
5 
5 

, 5 
5

72

Gold product.

Total.

Ounces.

1,929 
35, 368 

273, 293 
5, 658, 825 

14, 275, 673 
12, 394, 757 
10, 722, 832 
12, 217, 918 
9, 565, 344

85, 145, 941

Yearly 
average

Ounces

113 
3,537 

27, 329 
563, 88iJ 

2, 855, 135 
2, 478, 931 
2, 144, 568 
2, 443, 584 
1, 91iJ, 069

12, 432, 107

Value

Dollars

39, 876 
731, 121 

5, 649, 509 
116, 978, 291 
295, 104, 343 
256, 222, 359 
221, 060, 603 
252, 560, 773 
197, 733, 203

1, 346, 678, 078

Silver product

Total

Ounces

1, 334, 325 
996, 725 

27, 972, 6U2 
48, 389, 387 
90, 798, 425

Yearly 
average

Ounces

266, 865 
199, 345 

5, 594, 520 
9, 677, 877 

18, 159, 685

169,491,464 J33, 898, 292

Value.

Dollars

1, 72D, 149 
1, 288, 666 

36, 165, 777 
62, 562, 638 

117, 393, 284

219, 135, 514

TABLE LVIII. —Estimate of the production of fheprecwus metals in the United States from
1848 to 1880, 'by fiscal years.

[From reports of Hon Horatio C Burchard, Director of the Mint.]

Tear.

1848 .. .... ... .- ... .... .. ... ............. ......
1849 ....... .. ...... ........... .... ........ .. ...
1850
1851... ..... ..... .. .....-.--...... ........
1852..... ..... ........ -- ...........................
1853 .. .... .. ... .. ... .. ........ .... .... .....
1854 .. .. ... .. ... .. .. ......... ........
1855 .. ...... .. ............ .. ................ ...
1856 .. ... .. .... .. .. .. .. .............. ....
1857.... .. ... ... ... .. ....... ................ ..
1858 .. -. ... ............... .- ...................
1859 .. .... .. ... ... ... .. ... ...... ............
1860 .. -. ....... .. .......... ..... . . .. ......
1801 .. ... .. .. ...... .... ... .. ......... .....
1862 .. ...... ... .... ........... ............ .....
1863 .. .. .. ... ...... ... .......... ... .. ....

1865... .- .... ... ...... ... .. ...... ...... ......

1867........ .. ... ....... ...... ............. ......

1869 .. ....... .. .. ... ... ....... ......... .....
1870 ... .. ... .. .. ... ... ... ...... .. .... ....
1871 .. .. ... .. . .. ... ....... ...... .. ....
1872... .... .. ... .. .... ... ... .... ... ..........
1873 .. .... .. .. .. ... .... .. ..... . ........ ..

1875 ...... ... ... .. ....... .... ......... .. .....
1876 .. ........ .. ........ ... ......... .. .. ....

1878
1879... .... . ... ... ... .. ...... ...... ........
1880 . ... .. ... .. ... ........ .. .......... ....

Total .... ..... ..... .............. ... .... ..

Gold

Dollai 8

40, 000, 000

60, 000, 000
55, 000, 000

55, 000, COO

40, 000, 000

53, 225, 000

51, 725, 000

50, 000, 000

36, 000, 000
33, 490, 902
33, 467, 850
39, 929, 166

38, 899, 838

1, 520, 041, 532

Silver.

Dollars

50, 000
50, 000
K/\ fifin

Kfi flflfl

50 000

2, 000, 000
4, 500, 000

11, 000, 000

12, 000, 000
12, 000, 000

28, 750, 000

37, 324, 594

39, 793, 573

40, 812, 132

460, 422, 260

Total gold and 
silver.

Dollars

55, 050, 000
60, 050, 000

55, 050, 000

46, 150, 000

48, 500, 000

64, 475, 000

65, 225, 000
60, 000, 000

66, 000, 000

71, 750, 000

78, 712, 182

96, 487, 745
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TABLE LIX.— Bullion production of the United States from 1868 to 1875. 
[Estimated by Dr. Bossiter W. E lymond, United States Mining Commissioner ]

mah ......... ........ .... . .. ... .... .

Total--. .............. .. ............

Utah. .... .. ..... .. ... .. .. ....

1S68.

Dollars

22, 000, COO

4, 000, 000

3, 250, 000

1, 000, 000

1872

Dollars

19, 049, 098
25, 648, 801
2, 695, 870

500, 000

1869

Dollars

22, 500, 000

1S73

Dollars

35, 254, 507
5, 187, 047

1, 585, 784

4, 070, 263

1870

Dollars

25, 000, 000
9,100,000
6, 000, 000

3, 775, 000

1874

Dollars

3, 844, 722

763, 605

5, 188, 510

72, 428, 206

1871.

Dollars

20, 000, 000
8, 050, 000

800, 000

4, 763, COO

1875

Dollars

17, 753, 151
40, 478, 369

1, 246, 978
325, 000

3, 1S7, 688

74, 817, 598

TABLE LX.—Gold production of the Southern States from 1804 to 1850. 

[Estimates of Professor J. D Whitney ]

Talue of gold production by States.

$6, 048, 900 
6, 842, 900 

818, 100 
263, 800 

1, 108, 600

15, 172, 300

Yalue of gold pi eduction in the respective divis­ 
ions of time

1804-'23 ........... ........... .....
1824-'30 .......... .. ...... ......
1831 '40-... . ................. ....

Total ..... .. ...... .... ......

$47, 000 
715, 000 

6, 605, 000 
7, 715, 300

15, 172, 300

BULLION PRODUCT OF THE WOULD.

The world's annual output, so far as ascertainable, is shown in the 
following tables, which state the sources according to political divisions, 
and also by continents. The data are for calendar years except for the 
United States, British Columbia, and Japan. Accurate statistics of the 
small production of gold and silver in Central America, that of .silver 
in Canada, and gold in Nova Scotia are not available. The totals given 
are probably slightly under the actual amount. A comparison of the 
individual figures shows that the United States produce 33.13 per cent. 
of the gold yield of the whole world, 50.54 per cent, of the silver, and 
40.91 per cent, of the total. Of the aggregate supply of the precious
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metals, Forth America (including the United States, Mexico, and Brit­ 
ish Columbia) furnishes 55.78 per cent.

TABLE LXI.—Annual bullion product of the world—political distribution.

Country.

.Aft ica f

ItaljJ.-.. .- - ........ ........... .-- - -

Total................... ..... .. .. ... ....

Gold

Dollars.

33, 370, 663 
089, 161 
910, 804 

1, 093, 800 
78, 546 

4, 000, 000 
1, 993, SOO 

20,018,223 
1, 062, 031 

205, 361

72, 375 
26,584,000 

1,994

466, 548

100, 756, 306

Silver

Dollars.

41,110,957 
25, 107, 703

420, 225 
1, 000, 000 
1, 039, 190

2, 002, 727 
fi, 9d8, 073 

166, 270 
17, 919 

415, 676 
62, 435 

2, 078, 380 
916, 400

81, 336, 045

Total.

Dollars

74, 490, 620 
26,156,924 

010, 804 
1, 993, 800 

4<)8, 771 
5, 000, 000 
3, 032, 900 

21, 018. 223 
3, 064, 758 
7, 143, 434 

166, 270 
90, 324 

26, 909, 670 
64, 429 

2, 078, 380 
1, 382, 948

182, 092, 351

*Censusof 1880 t Actual export {FromDr Soctbeer's estimate in 1875. § Estimated from pro­ 
duction ot other years.

TABLE LXIL—Annual bullion product of tlie world—continental distribution.

Continent.

Total...... .... ...... .. ..... . ...... ... ...... ........

Total bullion 
product

Dollars.

30, 607, 271
1, 382, 948

Percentage of 
total product

Per cent

55 78
1 10

15 93
21 75

0 70
4 68

100. 00

EXPLANATION OF CHAKTS.

The construction of the diagrams in the following charts is based 
upon the figures reached in the preceding compilation, which the plates 
are designed to exhibit graphically.

The plates illustrating the bullion product of the several States and 
Territories per square mile and per capita are founded upon the aver­ 
ages given by Tables XLVI and XLVII, in connection with the official 
measurements of areas by Mr. Henry Gannett, geographer of the Tenth 
Census, and the latest count of the population. The inner squares, 
printed in mauve, in each case denote the relative averages of bullion 
product (gold and silver combined), while the outer gray squares are of 
an arbitrary, uniform size, and represent in one chart the unit of area, 
and in the other, the unit of population—that is, the square mile and
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the single individual. The length of the sides of the inner squares is 
given by the respective square roots of the averages.

The plate showing the absolute bullion product of the States and 
Territories, without reference to their size or population, is a repetition 
in a graphic form of the figures given in Table XLIII, which is the sum­ 
mary of the bullion product of the United States for the census year. 
It exhibits sit a glance three distinct comparisons: that of the gold 
product, that of the silver, and that of both precious metals. The nat­ 
ural arrangement of the series, according to the totals, is observed. 
The extreme height of each column is in each case equal to the sum of 
the height indicating gold plus that representing the silver. Two 
essential features are m this manner presented to the eye: first, the 
wide difference between the product of the three leading mining States, 
Colorado, California, and Nevada, and that of the remainder of the 
country; and second, the remarkable diversity in the proportions of gold 
and silver in different localities. Colorado and California appear to be 
anti-types; the one showing a large predominance m the silver yield, 
the other in that of gold. A similar contrast is shown by another pair, 
Utah and Dakota.

The chart exhibiting the annual fluctuations in the yield of the pre­ 
cious metals since 1848 is in itself a history of the mining industry. 
The rapid increase in the product following the discovery of the gold 
fields in California, which reached its highest point in 1853, from which 
year, owing to the gradual exhaustion of the more accessible and richer 
deposits, the yield for a time gradually dwindled; the impulse given by 
the finding of the great Comstock lode, and the addition of the Idaho 
placers to the productive sources; the effect of the Crown Point and 
Belcher ore-body upon the total product; and, finally, the sudden and 
vast increase consequent upon the opening of the famous bonanza in 
the Consolidated Virginia and California mines—these are all pictured. 
The aunals of the silver production, a comparatively recent addition to 
the national resources, are thus recorded in full. If the chart be carried 
forward beyond the limits of the census year, the rising curves would 
tell of Leadville and of Tombstone. The figures assumed in this chart 
are the annual estimates of the Director of the Mint for fiscal years 
up to the census year, for which the results reached in this compilation 
are quoted. It should be remarked that as the fiscal year embraces 
only the first half of the calendar year of the same designation, the 
curves in some cases are projected one space to the right of what their 
position would be were the calendar year to be taken.

The two plates illustrating the world's annual product are based on 
the figures of Tables LXI and LXII. In one the yield is segregated, 
so far as possible, according to the political divisions; in the other, 
according to its continental distribution. The preponderance of the 
United States as a bullion-producing nation, and of North America as 
a bullion-producing continent, is in this manner, perhaps, more clearly 
indicated than by the tabular exhibit, 
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A NEW METHOD OF MEASURING HEIGHTS BY MEANS OF THE
'BAROMETER.

BY Gr. K. GILBERT.

CHAPTER I.
THE PROBLEM STATED.

The change proposed in this paper is of a radical nature. Since the 
time of Laplace the hypsometric formula he developed has formed the 
groundwork of all investigation and practice. Later writers have made 
formal modification of some of its terms and have added a term of 
some importance, and modern physical research has made slight cor­ 
rections to the values of several of the constants he employed, but the 
essential features of the formula have not been changed. It is here 
proposed to abandon it entirely for the greater part of hypsometric 
work and to substitute a new formula involving none of his constants 
and having but a single element in common.

For more than, a century the thermometer has been the constant com­ 
panion of the barometer, and in nearly all the best work of recent times 
the psychrometer also has been called in play. The new method aban­ 
dons both psychrometer and thermometer and employs the barometer 
alone.

Departing thus widely from the beaten path, the writer has of necessity 
reverted to the elementary principles upon which all barometric meas­ 
urements depend, and he may therefore be permitted, if indeed he is 
not compelled, to preface the presentation of his method by a review of 
the purposes and conditions of barometric hypsometry in general.

The opening chapter is devoted to that purpose. It is believed to 
contain nothing either new or original, and is intended less for the prac­ 
tical meteorologist or hypsometer than for the general reader, to whom 
it is hoped it will render the succeeding chapters comprehensible. The 
fourth chapter, on the other hand, and those following it are addressed 
more especially to the student of hypsometry.

THE FUNDAMENTAL PRINCIPLE.

The principle which underlies the measurement of heights by means 
of the barometer is an exceedingly simple one, but its application is
fraught with difficulty.

405
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The pressure of the atmosphere upon the surface of the earth at the 
level of the sea is about fifteen pounds to the square inch. If one rises 
in a balloon or ascends a mountain he passes above successive strata 
of air and is relieved of their weight. The.pressure he sustains at any 
height is that due to the weight of the air which is above Mm, and is 
progressively less and less the higher he goes. The pressure is therefore 
an indication of the altitude, and it is possible to acquire knowledge 
of the heights of different parts of the earth's surface by simply measur­ 
ing the local pressures of the atmosphere. Thus, if one finds that the 
air imposes a pressure of lOg pounds to the inch of surface at the city 
of Quito, and a pressure of 9£ pounds on the summit of Pike's Peak, 
he at once knows that there is less air above Pike's Peak than above 
Quito, and therefore that it is higher.

A moment's reflection will show that the diminution of pressure from 
the sea level upward is not simply proportional to the altitude but has 
a somewhat different law. The density of a gas is proportioned to 
the pressure to which it is subject, and i-ince the lowest stratum of 
air is compressed by the weight of the whole atmosphere, while each 
higher stratum is compressed only by that part of the atmosphere 
which lies above it, the lowest is denser than any other, and there 
is a progressive decrease in density from the sea level upward. A 
A layer of air 1,000 feet deep resting on the ocean contains more matter 
and weighs more than a layer of similar depth at any higher altitude, and 
the aeronaut or mountain climber experiences a greater diminution of 
atmospheric pressure in ascending from the sea level to an altitude of 
1,000 feet than he does in continuing his ascent from 1,000 to 2,000 feet, 
or through an equal space at a greater height. The loss of pressure in 
the first mile of ascent is 2.6 pounds to the square inch, while in the 
second it is only 2.2 pounds, and in the third 1.9 pounds.

The law of the relation of altitude to atmospheric pressure is therefore 
a logical consequent of the law of the compressibility of gases. In its 
simplest form it is as follows:

The difference in height of any two localities is equal to a certain constant 
distance multiplied "by the difference between the logarithms of the air press­ 
ures at the two localities.

If the lower locality is the shore of the sea, then the difference in 
height deducible under the law is the altitude above sea level of the 
upper locality.

This relation is the foundation of all barometric hypsometry, and 
although its discovery was attained only by the cumulative efforts of 
many illustrious physicists, it is exceedingly simple. But there are a 
number of modifying conditions of which account must be taken in its 
application, and it is with these that we are chiefly concerned in this 
paper. Their consideration will be deferred, however, until a brief out­ 
line has been given of the means employed for the measurement of 
atmospheric pressures.
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BAKOMETEKS.

The pressure on any spot of the earth's surface is equivalent to the 
weight of the prism of air extending upward from the spot to the con­ 
fines of the atmosphere, and for convenience of discussion the pressure 
is conceived as being actually given by this ideal prism of air, which is 
called the atmospheric column.

Four distinct devices have been employed to weigh the atmospheric 
column. The mercurial barometer counterpoises against it a column of 
mercury, and is analogous in principle to the common scales. The ane­ 
roid barometer receives the pressure of the air on a metallic spring, and 
is strictly analogous to the spring balance. The boiling-point apparatus 
does not directly weigh the air, but merely determines the temperature 
at which water boils, depending for its result upon the principle that 
the boiling point of water is raised by increase of pressure and lowered 
by its diminution. The density apparatus is a device by which a small 
quantity of air is imprisoned m a tube and then compressed to a certain 
definite fraction of its former volume by means of a column of mercury. 
The height of the column of mercury necessary to do this is proportional 
to the original density of the air, and therefore to the atmospheric press­ 
ure by which that density is produced.

Of these instruments the mercurial barometer is both the oldest and 
the most accurate, and its use would be universal were it not somewhat 
cumbrous and easily broken. The aneroid commends itself by its con­ 
venient size and its facility of observation, and has a wide use both 
in reconnaissances and as an adjunct to the mercurial barometer m 
geographic surveys, but it is too delicate a piece of mechanism to be 
entirely trustworthy. The boiling-point apparatus is in many- cases 
preferable to the aneroid barometer for independent use, but is nearly 
superseded by the mercurial. The density apparatus is probably not in 
use.

The construction of the mercurial barometer is essentially as follows: 
A glass tube about three feet in length and closed at one end is filled 
with mercury and then inverted with the open end immersed in a cup 
of mercury. A portion of the mercury flows from the tube to the cup, 
and a space is left in the upper (closed) end of the tube. This space is 
a vacuum, air having no access. The mercurial surface in the tube, 
having mere vacuity above it, receives no pressure, while the surface in 
the cup bears the full pressure of the atmosphere, and as a consequence 
the mercury stands higher in the tube than in the cup. The difference 
in level between the two surfaces is the height of the column of mer­ 
cury necessary to counterpoise the weight of the superincumbent air. 
A column of mercury two inches in height imparts a pressure of about 
one pound to the square inch, and a column of about thirty inches is 
accordingly necessary to counterbalance the fifteen pounds of atmos­ 
pheric pressure at sea level. When, therefore, the barometer is placed
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near the sea level, the height of the mercury in its tube is about thirty 
inches above the surface of the mercury in its cup, or, in familiar parlance, 
the "height of the barometer" is thirty inches. The use of the mercurial 
barometer is so general that the pressure of the air is ordinarily described 
by means of the linear measures of its scale instead of by weights—the 
Englishman and American speaking of inches of pressure and the con­ 
tinental European of millimeters of pressure.

The many forms which have been given to the barometer need not 
be described here. The cup in which the tube is inverted is ordinarily 
called a "cistern," and is permanently attached to the tube. A grad­ 
uated scale, usually of brass, is fastened in close juxtaposition to the 
tube and the height of the column is ascertained by comparing it with 
this scale.

A thermometer is also attached, so that the temperature of the mer­ 
cury of the column and of the brass of the scale may be known. This is 
rendered necessary by the different expansibility of the two substances 
under the influence of heat. On a warm day the mercury rises higher 
along the scale than on a cold one, the air pressure remaining the same.

An observation of the barometer consists, therefore, of two parts: 
first, a reading of the height of the mercury; and, second, a reading 
of'the temperature of the instrument. A collection is then applied 
to the mercurial height, so as to give it the value it would have at the 
standard temperature.

A second correction takes account of the difference in the force of 
gravity at different places, and becomes necessary because the heaviness 
of mercury is proportional to the local force of gravity, so that the same 
absolute air pressure is at different places recorded by mercurial columns 
of different heights.

The essential part of an aneroid barometer is a thin drum 01 elastic 
metal from which the air has been exhausted. The heads of the drum 
are bent inward by the pressure of the air, the pressure being counter­ 
poised by the elasticity of the metal. With augmentation of pressure 
the inbending is increased, and by relief from pressure it is diminished; 
while by a system of levers the movements of the flexed heads are (in 
most instruments) communicated to an index traversing a dial. The 
amount of motion imparted to the index by the addition of a unit of 
pressure depends not only on the arrangement of the levers, but on 
the form, thickness, and elasticity of the drum-heads, and cannot be pre­ 
cisely foretold for any individual instrument. In order to ascertain it, 
the movements of the index are compared with those of the column of 
a mercurial barometer exposed to the same pressures, and the dial is 
graduated accordingly. The spaces on the dial are given the same 
name as the units of the mercurial scale, although they have not the 
same linear dimensions.

The aneroid barometer is thus adjusted in the process of its construc­ 
tion so that its indications accord with those of the mercurial, and it 
theoretically accomplishes the same results with great economy of time
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and care; but it is usually found in practice that aneroids subjected to 
the vicissitudes of travel, and especially of mountain climbing, do not 
maintain their adjustment. It has therefore become the custom in most 
surveys to use the instrument only in a dependent way, comparing it 
at short intervals with a mercurial barometer so as to keep account of 
the amount and variation of its error. Thus checked it renders import­ 
ant service.

MODIFYING CONDITIONS.

Returning now to the consideration of the relation between local press­ 
ures of the atmosphere and local altitudes, we will give attention to the 
conditions which modify the application of the general law.

The most important of these is temperature, for the density of air 
varies through a wide range in response to changes of temperature. If 
the pressure of the air be measured by a barometer in the car of a bal­ 
loon, and at the same time by another barometer on the ground beneath 
it, the difference between the two quantities denotes the pressure imposed 
on the ground by that portion of the atmosphere beneath the balloon, 
or, as more commonly expressed, it denotes the weight of the column of 
air between the balloon and the ground. The weight of that column 
depends on its height and its density. Its density depends primarily 
on the pressure of the superincumbent air, as indicated by the barom­ 
eter in the balloon, but it depends also on the temperature of the 
column itself, being greater if the air is cold than if it is warm. In 
order, therefore, to compute accurately the altitude of the balloon 
above the ground, it is necessary to know the temperature of the in­ 
tervening air column as well as the pressure above and below, and it 
is of course necessary to know the law which governs the expansion 
of air in response to the acquisition of heat. In the various formulas 
which have been employed ior the computation of altitude a term has 
been written to express the influence of the temperature of the air upon 
the result, and this has been conjoined to the principal term which ex­ 
presses the relation of heights to pressures. The pressure term is 
adjusted to the supposition that the temperature of the air is that of 
freezing water, and the temperature term appears as a correction pro. 
portioned to the difference between the actual air temperature and the 
freezing temperature. For each thousand feet of altitude the correction 
amounts to two feet (approximately) for every degree of the Fahrenheit 
scale.

The factor of next importance depends on the humidity of the air col­ 
umn. The atmosphere is essentially a mixture of oxygen, nitrogen, car­ 
bonic acid, and aqueous vapor. The proportions of oxygen and nitrogen 
are practically constant; the quantity of carbonic acid is more variable, 
but is too small to be considered here; the amount of aqueous vapor is 
both large and variable. We may, for the present purpose, regard the
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whole as consisting of two parts, dry air and aqueous vapor, the dry air 
being a constant homogeneous gas mixture and the aqueous vapor a 
variable accessory. •

Dry air retains permanently the gaseous form but aqueous vapor 
does not, and upon this difference depends the variability of their mix­ 
ture. The tension or expansive force of dry air increases in a definite 
way wlien its volume is diminished by extraneous pressure, and also 
when its temperature is raised; its tension is diminished by increase of 
volume and fall of temperature; and these properties subsist under all 
pressures and at all temperatures to which the atmosphere is subject. 
Aqueous vapor follows the same law, but only within a certain range of 
conditions. For each temperature there is a certain tension which can­ 
not be exceeded, and for each tension there is a certain limiting temper­ 
ature; and when these limits are passed a portion of the vapor is con­ 
densed. The circulation of the air continually varies the conditions to 
which its aqueous vapor is subject, now causing a part to be precipitated, 
and again permitting an additional quantity to be absorbed from the 
ocean or from moist surfaces of land.

If the densities of dry air and aqueous vapor were identical for the 
same tension—i. e., if the two gases were equally heavy—the ratio of 
their mixture would not affect the measurement of heights; but aqueous 
vapor is only five-eighths as dense as dry air, and the density of the 
air column weighed by the barometer depends therefore in part on the 
ratio of its contained vapor.

Accurate hypsometry accordingly demands that some account shall 
be taken of the aqueous contents of the air, and a humidity term has 
been given place in many formulas for the computation of altitudes.

There are other small factors dependent on the inequality of the force 
of gravity at different latitudes and at different altitudes, and the con­ 
sequent inequality in the weight of air, which need not be specified here. 
For the purpose of the present discussion the difference in altitude of 
two barometric stations maybe regarded as depending on the air press­ 
ures at the two stations and the temperature and humidity of the inter­ 
vening air column.

With the outlines of the subject now before us, the difficulties which 
bar the way to the attainment of results of the highest accuracy may be 
stated. They arise from the fact that the air is never in a state of static 
equilibrium but is perpetually undergoing local changes of pressure, tem­ 
perature, and humidity. If those changes were uniform, or uniformly 
periodic, it would not be a hopeless task to take full account of them 
and eliminate their influence from the hypsometric problem; but they 
are irregular in a high degree and they spring from causes so complex 
that their thorough analysis appears impossible.

Consider for a moment how many things conspire to give diversity 
to meteoric changes. In the first place, the sun, which is the ultimate 
source of all disturbance, shines only by day. While it shines, a certain 
amount of heat is imparted to the whole atmosphere, but a much higher
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temperature is given to the ground and is communicated to the con­ 
tiguous layer of air. At night the atmosphere loses heat by radiation 
to space, but the ground loses it still more rapidly and imparts its low 
temperature to the lowest stratum of air. The lower strata, therefore, 
have exceptional warmth by day and exceptional coolness by night. If 
the air is moist it intercepts a greater quantity of solar heat than if it is 
dry, so that a less quantity reaches the ground; while at night atmos­ 
pheric moisture checks radiation from the ground. The power of the 
earth's surface to receive or store or part with heat varies with its char­ 
acter. Naked rocks and cultivated fields, bare earth and grass, forest 
and snow, are affected very differently by the heat rays of the sun and 
exert equally diverse influences on the adjacent air, so that one tract of 
land is often in a condition to heat the air while an adjacent tract is 
cooling it. Then, too, the sun's heat is unequally distributed through 
the year; outside the tropics there is a progressive accumulation of heat 
through summer and a progressive loss through winter. The circle of 
the seasons thus produced reacts on the surface of the land, causing 
verdure, barrenness, and snow in alternation; and these in turn have 
their influence on the local meteoric changes.

The ocean undergoes less change of temperature "than the land and 
its rate of change is slower, so that there is frequent, and indeed almost 
continuous, contrast of condition between it and the contiguous land.

In many places this contrast is heightened by oceanic currents (born, 
like air currents, of the sun's rays), which perpetually convey warm water 
to cold regions and cold water to warm regions.

As a result of all these influences, together with others that might be 
enumerated, the equilibrium of the air is constantly overthrown and the 
winds, which tend to readjust it, are set in motion. If a condition of 
static equilibrium were possible, we may suppose that the whole atmos­ 
phere would become a uniform mixture or else one varying according 
to a simple law, and that it would be arranged in a system of horizontal 
layers, each one of which would be denser than the one above and rarer 
than the one below and would have a uniform temperature throughout. 
But in reality its temperature is continually modified by external influ­ 
ences ; the static order of densities is broken and currents are set in 
motion; and the circulation and the inequalities of temperature conspire 
to produce inequalities of moisture. Every element of equilibrium is 
thus set aside and the air is rendered heterogeneous in composition, tem­ 
perature, and density. Moreover, the disturbing factors are so multifa­ 
rious and complex that there is infinite variety of combination and in­ 
finite variety of result. Nothing can be more'fickle than the weather, 
and the weather is merely the tptality of atmospheric states and changes 
viewed in relation to human activities.

The complete solution of the problem of barometric hypsometry is 
thus rendered impossible, or if not impossible at least impracticable, 
since, if our knowledge is ever equal to the task, the expense of the solu­ 
tion in any individual jease cannot fail to be greater than that of deter-
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mining the desired altitude by means of the engineer's level. Approxi­ 
mate solutions only are expected, and ever since the development of the 
general theory the ingenuity of investigators has been directed to the 
restriction and limitation rather than to the abolition of errors.

Although the disturbing factors all spring from the same remote 
source, and although they react upon each other in the most intricate 
way, it is nevertheless possible, when series of observations are com­ 
pared, to discriminate many of them, and it has been found that every 
added refinement of analysis has led to new devices for the elimination 
of error. A discussion of hypsometric methods should therefore be pref­ 
aced by a classification of disturbing factors.

. GRADIENT.

Designate by A and B two stations at the same altitude. With the air 
in a state of static equilibrium each receives the same atmospheric press­ 
ure 5 but when the equilibrium is disturbed one may receive more than 
the other. If A has a greater pressure than B there is a tendency of the 
air to move in the direction from A to B until equality of pressure is 
attained. Add now a third station,'0, forming with the others a hori­ 
zontal triangle, and conceive verticals to be erected at each of the three, 
proportioned in height to the local pressures. A plane passing through 
the summits of the verticals will evidently be inclined in some direction 
(unless the pressures are equal) and this inclination is called barometric 
gradient. The direction toward which the plane inclines is called the 
direction of the gradient. In other language, the direction of the baro­ 
metric gradient at any point is the direction toward which there is the 
most rapid decrease of pressure.

The contour lines drawn on the weather maps published by the United 
States Signal Service are lines of equal pressure (isobars). If lines of 
gradient were also drawn on one of these maps, each gradient line would 
pass from an area of high pressure to a center of low pressure in such 
way as to make a right angle with each pressure contour at the point of 
intersection.

There is another point of view which will perhaps help to a clearer 
understanding of the matter. Suppose that of a large number of sta­ 
tions on a plain, A is the one with the lowest pressure at a given time. 
At any other station, B, the pressure is somewhat greater, but by ascend­ 
ing in mid-air we can find a point, directly above B, where the pressure 
is precisely the same as at A. So above every point of the plain we can- 
find a corresponding point with the standard pressure, and the combi 
nation of all these points constitutes an ideal surface of equal pressure. 
With the atmosphere in equilibrium such a surface would be level, but 
in point of fact it is ever undulating. Its inclination at any point is the 
barometric gradient, its direction of inclination is the direction of gra­ 
dient, and its degree of inclination measures the amount of gradient.
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The standard of pressure assumed in the preceding paragraph is 
entirely arbitrary, and it is evident that any atmospheric pressure what­ 
ever could have been assumed. We can in imagination project through 
the air a surface containing all points which have a pressure of 30 bar­ 
ometric inches, and another surface containing all points with a pressuie 
of 20 inches, and indeed any number of similar surfaces. In the hypo­ 
thetic case of atmospheric equilibrium all such surfaces would be both 
level and parallel, but in the actual case of disturbance and motion none 
are level and 110 two are precisely parallel. When widely separated sur­ 
faces are compared the variations from parallelism are often so great 
that their inclinations above the same locality have opposite directions. 
The atmospheiic gradient at the surface of the ground may therefore 
differ greatly in amount and directiou from the simultaneous gradient at 
a considerable altitude above the same spot.

The importance of the hypsometric difficulties introduced by gradients 
will be readily understood. It almost never happens that two points to 
be compared m altitude are in the same vertical hue, and whenever 
they are not their barometric relation involves .1 factor of gradient. 
Suppose that barometers have been read simultaneously at A and U, 
(Fig. 27) and it is desired to ascertain their difference of altitude. B C 
is a horizontal line, and we will suppose B D to give the local profile of

FIG 27.—Diagiam to illustrate atmospheric gradient

the surface of equal pressure passing through B. If we know the den­ 
sity of the air column above A, we can compute from the barometric 
readings the height (above A) of a point (D) having the same pressure 
as the point B; but what we really desire is the altitude of the point G 
on a level with _B, and in order to pass from one to the other we must 
know the gradient.

Variations of gradient are for the most part the result of conditions 
so complicated that in the present stale of meteorologic science they 
have to be classed as irregular, but there are two elements of variation 
which are strictly periodic and have been the subject of much research; 
one has a. daily period, the other a yearly. Changes of gradient may 
therefore be classed as diurnal, annual, and non-periodic.

Diurnal gradient.—It is a fact familiar to meteorologists that the 
pressure of the air everywhere undergoes a daily oscillation, being at



414 MEASURING HEIGHTS WITH THE BAROMETER.

a maximum soon after sunrise, and at a minimum some hours before 
sunset, besides exhibiting other maxima and minima The amount of 
change is relatively great at the equator and diminishes toward the 
poles. It is greater in summer than in winter, and it is usually greater 
in valleys and on plains than on mountain peaks. It is subject, more­ 
over, to variations in character as well as variations in magnitude, and 
changes of altitude are often accompanied by conspicuous variations 
in character. The differences which pertain to latitude and to season 
do not affect the ordinary hypsometric problem, but differences de­ 
pending on the altitude have a notable influence. The geographer fre­ 
quently undertakes to determine the height of a mountain by com­ 
paring the pressure at its summit with the pressure at its base, and 
since the diurnal oscillation of pressure is not the same at base and 
summit an error is introduced into his result. Usually his result is 
rendered too large in the forenoon and tod small in the afternoon, but 
to this rule there are exceptions ; and it is probable that the error cannot 
be thoroughly eliminated without a knowledge of the nature of the 
diurnal change at each station.

Annual gradient.—The annual oscillations are variations of what may 
be called the perennial system of gradients. Since the atmosphere if 
undisturbed would have no gradients, and since every disturbance pro­ 
duces them, it is easy to understand that any continuous disturbance 
will be accompanied by permanent gradients. The excess of solar heat 
received in the tropics, as compared with the polar regions, is of the 
nature of a continuous disturbance, and sets in motion the great cur­ 
rents of the atmosphere. Warm ocean currents flowing toward the poles, 
and cold ocean currents flowing toward the equator, are other disturbing 
elements of a continuous nature, which modify the great air currents in 
a uniform manner. Under the joint action of these causes the great 
system of the winds is instituted, and coincident with it a great system 
of permanent gradients. The annual progress of the sun from tropic to 
tropic throws a preponderance of heat first on one side of the equator 
and then on the other and produces an annual cycle of changes both 
in the great winds and in the permanent gradients.

Non-periodic gradients are caused by the multifarious local agencies 
and accidents which give rise to variable winds and to storms. They 
are ordinarily so great and their variations are so rapid that they com­ 
pletely mask, so far as hypsometry is concerned, the perennial and an­ 
nual gradients—at least in the temperate zones. They do not, however, 
obscure the diurnal changes to the same extent.

It is necessary, therefore, for accurate determination of altitude by 
the barometer to take account of the non-periodic gradient and of that 
gradient which has a daily period. The former is involved in the gen­ 
eral air movements of the region at the time of observation; the latter 
bears some relation to the topographic characters of the points of ob­ 
servation as well as to the hour of observation and the time of year.
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DEVICES FOR THE ELIMINATION OP ERRORS DUE TO GRADIENT.

The most important of all the devices which go to make up the bar­ 
ometric method in use consists in the employment of a base station. If 
the pressure at the shore of the sea were uniform it wpuld be necessary 
for hypsometric purposes to measure the atmospheric pressure only at the 
point whose altitude is desired, for that measurement would afford at 
,once the differential pressure and, consequently, the weight of the dif- 

, '^ ferential air column. In fact, however, it is not uniform, but fluctuates 
greatly from week to week, and even from hour to hour, and it is therefore 
important that we know its amount at the time when the pressure at the 

t r'' higher point is measured. Moreover, since gradients of the non-periodic 
,- ' order often slope continuously in the same direction for hundreds of 

~S miles, it follows that we shall diminish the probability of error if we use 
as the standard for each comparison that point of the coast nearest to 
the point to be determined.

It is not essential, however, that the point used as a standard—the 
base station—be either at or near the shore, provided only its altitude is 
known; and if it can be established in close proximity to the point to be 
measured the effect of non-periodic gradient is nearly avoided.

The intelligent geographer who uses the barometer for the determi­ 
nation of altitudes pursues the following plan: He selects some point 
either within or near his field of survey for a barometric base station. 
The height of this point is determined with great care, either by means 
of the surveyor's level or by means of a series of barometric observations 
made coincidently with a similar series at some point of known altitude 
and continued for a long time. Having placed a barometer and ob­ 
server at the base station he carries another barometer to the points to 
be determined—called new stations—and makes synchronous readings; 
that is to say, he so arranges the time of observing the barometers 
that each reading at a new station shall be simultaneous with a read­ 
ing at the base station. In the subsequent computations only the pairs 
of synchronous observations are used. By establishing the base station 
in close proximity to the new stations, the error arising from non- 
periodic gradient is in great part avoided. By synchrony of observation 
the results are protected from such errors as might arise from progress­ 
ive increase or decrease of pressure in the district during the time 
elapsing between observations not synchronous.

It is evident that the nse of the base station excludes from the ob­ 
servations a portion only of the gradient which would other-wise enter, 
and affords no means of eliminating from the results the error wrought 
by the remainder. It is often impracticable to place it so near the new 
station as to render "the included gradient insignificant in amount, and 
it is therefore important to have corrective means at hand.

Two corrective methods are known, although up to the present time 
one only has been widely employed, namely, the method by long series. 
Since the non-periodic gradient is produced by a variety of discontinu-
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ous causes, it is assumed that it will iu the long run favor one direction 
no more than another, so that the sum total of it's influence through a 
long period will be approximately zero. An extended series of observa­ 
tions, therefore, covering several weeks or months, affords a mean result 
superior in accuracy to the result from a single pair of observations. 
The gain iu accuracy, however, is usually incommensurate with the at­ 
tendant expense, and the method is practically resorted to only when 
some other purpose is at the same time subserved by the observations.

The second method involves the actual determination of the included 
gradient and demands the employment of at least three base stations. 
These should be established at approximately the same altitude and in 
such relative position that the lines joining them shall include the prin­ 
cipal portion of the district of new stations. The pressures at the three 
stations at any point of time afford the means of computing the coinci­ 
dent direction and amount of the gradient on the assumption that the 
surface of equal pressure, to which reference has already been made, is 
an inclined plane, without curvature. This assumption is never strictly 
warranted, but if the district is small as compared with the amplitude 
of the pressure waves which cross it no serious error is involved. The 
general direction and rate of gradient having been computed, a similar 
calculation shows how much exists between the new station and that 
base to which it is referred for the computation of altitude. Its amount 
is then applied as a correction to the reading at that station.

The same result may be attained more easily and with a sufficient de­ 
gree of accuracy by applying a graphic method to the same data. The 
new station, the base stations, and the simultaneous pressures at the base 
stations being marked on a map, it is a simple matter to draw across it, 
by eye estimate, contour lines of equal pressure (isobars), and so soon as 
this has been done the amount of the correction appears by inspection.

The expense of maintaining a number of base stations is a serious 
objection to this method; but if the accessory stations have other func­ 
tions, so that the hypsometric work does not have to incur their cost, theii 
practical utility can hardly be doubted. In any country furnished with 
weather maps such as the thrice-daily series of the United States Signal 
Service the hypsometer is provided with gradient corrections graphic­ 
ally presented and without expense.

There is one class of non-periodic gradients to which the preceding 
method will not apply—namely-, the gradients accompanying thunder 
storms and other restricted vortical movements. The assumption that 
the surface of equal pressure is plane, even for a small district, is in 
this case so erroneous that isobars cannot be used. If the local effect 
of the disturbances upon the barometer is indicated by a continuous 
series of observations made at short intervals, it is sometimes thought 
best to plot the observations on section paper in such way as to rep­ 
resent the rise and fall of the barometric column by an ascending and 
descending curve and then graphically replace it by a smoother curve 
assumed to express the movement which would have taken place but
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for the exceptional disturbances. In the illustrative diagram the verti­ 
cal lines represent hours and the horizontal lines hundredths of an inch 
of pressure. The curved line shows the oscillations of pressure on a 
day characterized by thunder storms, and the broken line shows the 
pressure curve as arbitrarily amended. The amended pressure is sub­ 
stituted for the observed in the computations of altitudes. When such 
disturbances are known to have occurred at the new station or base sta­ 
tion and the observations are not sufficiently full to permit their elimina­ 
tion, the best practice is to discard the observations and base no deter­ 
minations upon them.

The method by plotted isobars has a theoretic advantage over that 
by long series, in that it takes account of the perennial gradient as well 
as the non-periodic. 
Tt affords a correc­ 
tion for the actual 
gradient at the mo­ 
ment of observa­ 
tion, without refer­ 
ence to the elements 
of which that grad­ 
ient is composed; 
while the method 
by long series elim­ 
inates errors only 
by balancing those 
with a positive sign 
against those with 
a negative, and necessarily fails to expunge constant errors. In order, 
however, to render practical this advantage m the use of isobars 'it is 
essential that the altitudes of all the base stations shall have been meas­ 
ured by the spirit level, for if measured barometrically, no matter with 
what precautions, they will themselves be liable to an unknown correc­ 
tion for perennial gradient.

On the other hand, the method by long series has a theoretic ad­ 
vantage over that by plotted isobars, in that it takes account not only 
of gradients but of the non-parallelism of gradient planes. When the 
new station is several thousand feet higher than the base stations from 
which isobars are plotted, it not unfrequently happens that the surface 
of equal pressure passing through it has a very different form and in­ 
clination from the surface of equal pressure passing through the lower 
stations, and the hypsometric error due to this want of parallelism 
entirely escapes the method by plotted isobars.

Circumstances sometimes arise in which, while it is impossible to 
apply corrections for non-periodic gradient, it is nevertheless practi­ 
cable to enhance the value of the result by discriminating among the 
individual observations of a short series—giving little influence to 

27 G-A

FIG 28 Diagram to illustrate the Graphic Methoil of Correcting 
Baionietei Headings made during a Thunder Storm
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some or rejecting them altogether. Nearly all non-periodic gradients 
are associated with broad cyclonic movements of the air, and when­ 
ever this is true their relation to the local wind is somewhat definite; 
the steeper gradient accompanies the stronger wind, and observations 
made during a strong wind have therefore a relatively low value. To 
this rule, however, there are exceptions; in all ordinary cases the direc­ 
tion of the isobaric contour passing through a station can be inferred 
from the direction of the wind, and whenever it appears that the base 
and new stations fall under th.e same isobar, non-periodic gradient need 
not be feared.

Turning now to the diurnal variation of gradient, we find four methods 
in use which serve to diminish its influence. It has already been ex­ 
plained that the pressure of the atmosphere everywhere undergoes a 
daily cycle of change in addition to its other changes, and that the daily 
cycles of different localities are different. It is especially true that the 
changes occurring in valleys differ from those on peaks or even on hills. 
If the cycle at the base station is the same as at the new station, no 
gradient arises, because the relative pressure is unchanged; but if the 
cycles are unlike, differences of relative pressure occur, and such differ­ 
ences are gradients affecting the hypsometric result. A gradient of this 
sort varies from hour to hour and is inclined alternately toward the base 
station and the new. At the instant of changing its direction it ceases 
altogether, and if that instant can be selected for the observation the 
error is avoided. One method of escape from the difficulty consists, 
therefore, in the selection of the most favorable hours for reading the 
barometers. A great deal of attention has been given to the selection 
of favorable hours, not indeed with reference to the particular error 
arising from diurnal gradient, but with reference to the sum total of 
errors affecting barometric measurement of altitude. There are two 
serious objections to the employment of hour selection as a corrective 
for this particular error. The first is that the propitious moment is 
earlier on some days than on others, even in the same locality and in 
the same season of the year, while the change of gradient is usually 
most rapid just as it passes its zero. A small deviation in time would 
therefore frequently occur and would result in the introduction of a 
considerable element of gradient. The second is that the favorable 
moments are not the same for different pairs of stations; -so that with­ 
out a more thorough understanding than has heretofore been attained of 
the dependence of particular types of diurnal oscillation on the peculiar 
ities of locality, it must be impracticable to lay down any general and 
useful rule for the selection of times of observation—at least as applied 
to the elimination of errors of this class.

The second and most obvious method is to ascertain the diurnal cycle 
of each station and apply to each observation a correction reducing it to 
the value it would have if there were no diurnal pressure change.

Suppose, for example, that we wish to compute the relative altitude
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of Ogden, Utah, and Pioche, Nevada, and have among our data the 
pressures at the two stations at 1 p. m. on the 1st of October.

Pressure at Ogden=25.502 inches. 
Pressure at Pioehe=24.221 inches.

Curves exhibiting the pressure cycles (diurnal barometric curves) for 
those stations at that season of the year have been pubbshed by Mar­ 
shall,* and from them we learn that at one o'clock the pressure at Ogden 
is .019 in. greater than its mean for the day, while at Pioche it is .004 in. 
less than the mean. The observed pressure at Ogden is therefore 
diminished by way of correction, and that at Pioche is increased, and 
the corrected pressures—

25.502-.019=25.483, and 
24.221+.004=24 225,

are used in the computation of the desired altitude,.
It is an objection to this method that its application to a single sta­ 

tion is expensive. Except at maritime stations near the equator, the 
daily cycle of pressure is so combined with non-periodic changes that 
it is necessary to make a series of observations extending through several 
days in order to obtain data to separate it,—an outlay of time ill compen­ 
sated by the advantage gained. It may be said also that -while the ob­ 
servations to determine the pressure curve must extend through several 
days, a series comprising only a single day will afford a mean value of 
the pressure for that day which can be used directly in the computation 
with superior advantage. This consideration is so obvious that in prac­ 
tice observations for the diurnal curve at a station are never made for 
the purpose merely of aiding in the computations of altitude for that 
station. There is a general belief, however, that the diurnal pressure 
cycles of all stations in the same district which have approximately 
the same altitude are so nearly identical that one may be substituted 
for another, and that it is therefore possible to ascertain the character 
of the oscillation at one station of such a group and assume it for the 
others. In this way an obvious economy is effected where many new 
stations are to be determined, and if the belief is well founded it is possi­ 
ble, by classifying all the new stations of a survey in groups and determin­ 
ing the diurnal oscillations for each group, to prepare a system of cor­ 
rections which will practically rid the observations of diurnal gradient. 
It is to be feared, however, that the belief is not warranted, for recent 
investigations tend to show that the local peculiarities of diurnal cycles 
depend as much upon the topographic peculiarities as upon the altitudes 
of their localities, so that any grouping based purely upon altitude 
would be fallacious and misleading.

The third method consists in selecting a base station within each 
group of new stations aud referring all stations of that group to it in

* U. S. Geog. Surveys W. of the 100th Mer., vol n, pp 544, 545, and Plate IX



•420 MEASURING HEIGHTS WITH THE BAROMETER.

the computation. The diurnal curves of new and base station being 
hypotlietically identical, no diurnal gradient exists and no correction is 
needed. Being based upon the same assumption as the last method it 
is open^to the same objection, and the great expense of using a base 
station for each similar group of new stations would effectually prevent 
its use if no object were to be attained aside from the elimination of diur­ 
nal gradients. There are, however, other and more important advan­ 
tages to be gained by such a multiplication and vertical distribution of 
stations, as will presently appear.

In the fourth method series of observations are made at the base 
and new stations for twenty-four hours, and the means of these series 
are employed in the computation instead of the individual observations. 
It is probable that the effect of diurnal oscillation is completely elimi­ 
nated by this procedure,—it is at least impossible to distinguish from 
non-periodic gradient any residual gradient which may exist. The sole 
objection to the method is its expense, but this so far outweighs the ob­ 
ject to be attained that it is rarely resorted to.

It is easy to conceive that other means of dealing with diurnal gradient 
might be devised which would be at the same time effective and economi­ 
cally practicable if only we were possessed of a satisfactory theory of the - 
proximate cause of the diurnal pressure change. The subject has long 
occupied the attention of meteorologists and hypsometers, and a number 
of tentative theories have been advanced, but while it may be possible 
that some of these contain the essence of the true explanation it must 
be admitted that no one of them has commanded general assent and recog­ 
nition. Like every other change affected by a daily period, it finds its 
remote cause in the heat of the sun, but the explanation of its immediate 
genesis as a result of the daily movements of the atmosphere has proved 
a baffling problem iu atmospheric dynamics. It is to be feared that even 
after its general theory has been established there will remain great diffi- 
3ulty in the determination of th e influence of local geographic conditions.

TEMPERATURE.

It has been explained in a preceding section that gradients are caused 
initially by inequalities of temperature, and it is equally true that fluctu­ 
ations of humidity are more or less remotely dependent on changes of 
temperature; so that the temperature factor is indirectly responsible 
for a large share of the difficulties which encompass the barometrician. 
Unfortunately it is directly responsible for the remainder, and the errors 
of which it is the immediate cause are, on the whole, the most serious 
of all. They arise from the heterogeneity of air with respect to warmth, 
and from the practical difficulty of ascertaining the thermic condition of 
the column of air which is weighed by the barometer. Not only is the
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greater part of the column inaccessible to us, but that portion to which 
our observations are restricted is the portion least representative of all. 

Having recourse once more to a diagram, let A and B be two stations, 
at which barometric and thermometric observations have been made 
and of which it is desired to ascertain the difference in altitude. Let 
us assume that the difficulties dependent upon gradient have been over­ 
come, so that the atmospheric pressure is known not merely at B but at 
the point (7, having the same altitude as B but situated vertically above 
A. In order to complete the.computation it is necessary to know the 
temperature of the column A G. If the atmosphere were in a condition 
of static equilibrium there would he a uniform gradation of temperature 
from C to A, and the mean temperature of the column would be expressed 
by the half sum of the temperatures at B and A. In the "hypsometric 
formula," as it is called,—the formula which expresses the general rela­ 
tions between heights, pressures, temperatures, and moistures, and

- c

3?IG. 29 —Diagram to illustrate tlie Thei mic Inequality of tlie Atmosphere. The Dots 
indicate the Keglou of Most Rapid Change

which forms the groundwork of all hypsometric computation,—a static 
condition of the atmosphere is postulated, and this half sum is assumed 
to give the temperature of the included air column.

How inadmissible this assumption is will appear at once when the 
manner in which the air acquires and loses heat is recalled. The body 
of the atmosphere is heated directly by the sun and gives off its heat by 
radiation to space. The surface of the earth is heated and cooled in the 
same manner, but many tunes more rapidly, so that by day it is always 
much warmer than the body of the air, and by night it is much cooler. 
A layer of air next the earth receives its warmth from the earth, and is 
thereby caused to differ widely in temperature from the remainder of the 
atmosphere.

In middle latitudes the average range of the daily temperature oscil­ 
lation of the body of the air is about 4PF.*, while for the superficial

"The daily range of the temperature of the body of the atmosphere ib not known 
by direct observation, but indirectly through computations of altitude When a long 
series of observations at frsvo stations are combined so as to show the mean pressure, 
mean temperature, and mean humidity at each station for eveiy liom ot the day, and
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layer it is from. 10° to 20° near the sea-shore, and from. 20° to 35° in the 
interior of continents. Usually therefore there are but two moments 
in the twenty-four hours when the temperature of the air near the ground 
bears a normal relation to that of the mass of the atmosphere above; 'in 
the night it is many degrees too cool, and in the heat of the day it is 
many degrees too warm.

Unfortunately for the art of barometric hypsometry, the general tem­ 
perature is the one most important to know, while it is practicable to 
measure by thermometers only the superficial.

Reverting to the diagram (Figure 29), we may regard the air column 
A G as consisting of two parts, of which the lower, A D, is controlled in 
temperature by the contiguous ground and oscillates daily through a 
wide thermic range, while the upper and greater, G D, is influenced only 
by radiant heat and is relatively constant The same layer of ther­ 
mally variable air includes the upper barometric station as well as the 
lower, so that the thermometer reading at B affords no indication of the 
temperature at C, and the temperatures observed at A and B absolutely 
fail to give the temperature of the air column A G. They therefore fail 
to afford the data demanded for the computation of the altitude.

The trouble does not end here, although its chief element has been 
outlined. It would perhaps not be a matter of great difficulty to acquire 
information about the upper air mass if its relation to the ground layer 
were simple, but such is never the case. Whenever the ground layer 
is cooler than the air above, it is of course heavier, and, like any other 
heavy fluid, it flows down hill and accumulates in valleys, forming lakes 
of cold air. The nightly layer of abnormally cool air is therefore thin­ 
ner on eminences than in valleys, and the contrast increases as the night 
advances. When the conditions are reversed, so that the ground layer 
is warmer than the air above it, it has a tendency to rise, but accom­ 
plishes the change in an irregular manner, breaking through the immedi­ 
ately superior layer here and there and rising in streams, which spread' 
out in sheets wherever the conditions of equilibrium are reached. The 
conditions of equilibrium, are greatly affected by the amount of moisture 
in the rising streams, and it results that the sti atification of the air is 
notably irregular with regard to temperature. Observers in balloons, 
as they ascend or descend, rarely find an orderly succession of tempera­ 
tures. If, therefore, we conld in some way determine the temperature of

when from these hourly means separate computations are made of the difference in 
altitude of the two stations, the results are found too great for certain hours and too 
small for others. The element of the computation which vanes most greatly from 
hour to hour is the temperature, and the differences in result are therefore ascribed 

.to errors in the determination of the temperature It is a simple matter to reverse the 
process and ascertain what temperature at each hour will give a uniform determina­ 
tion of altitude, and this has been done by Plantamour, Ruhlmaun, and others The 
general result of their investigations is that the general temperatme of the atmos­ 
phere undergoes a daily change which is exceedingly small, amounting in the Alps to 
only 4° Fahi. in summer, and'less than 2° in winter
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some point of the upper hypsometric column, C D, we should still be 
unable to deduce the mean temperature of the column with a high 
degree of accuracy.

DEVICES FOR THE ELIMINATION OF ERRORS DUE TO TEMPERATURE.

At least six different methods have been either employed ,or recom­ 
mended for avoiding or eliminating the errors which arise from the im­ 
perfection of our means of ascertaining the temperature of the air col­ 
umn weighed by the barometers.

Since the error inheres primarily in the temperatures observed at the 
two stations whose difference of altitude is to be ascertained, the most 
obvious way to eradicate it is to apply a correction to the thermometer 
readings before using them in the computations. Wherever long series 
of observations of the thermometer and barometer have been made at 
corresponding stations, high and low, it is practicable, by discussing the 
means of the series, to ascertain what correction should on the average 
be made to the thermometer readings at different hours of the day and 
at different seasons of the year in order to obtain accurate determina­ 
tions of height; and this work has been performed by -various investi­ 
gators for several different pairs of stations, the results being embodied 
in tables of corrections.

When these tables come to be applied, however, a high degree of 
accuracy is not attained, and for this there are two reasons:

In the first place, there is a great dissimilarity in the observed tem­ 
perature oscillations of consecutive days. The correction which would 
be appropriate to a certain hour of the average July day, for example, 
will apply closely to very few individual July days, being too great for 
some and too small for others. This difficulty has been partially met 
by constructing two tables, one for clear and the other for cloudy 
weather.

In the second place, it has been found that each set of tables has a 
fair degree of usefulness only in a limited district including the locality 
where the data for its construction were derived, and that it almost 
uniformly fails when applied to remote districts. The daily and yearly 
cycles of temperature depend so largely on purely local conditions that 
the order of change observed in one locality cannot be assumed m ad­ 
vance to obtain in any other.

A second method employed to eliminate the errors is to apply cor­ 
rections, not to the observed temperatures, but to the computed alti­ 
tudes. For this purpose also tables have been constructed, and they 
do not essentially differ from those described above, except that they 
aim to remove errors arising from the moisture of the air as well as from 
its temperature. They are open to the same criticisms, for they assume
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the similarity of consecutive days and include local peculiarities which 
prevent their universal application.

A third method is closely allied in principle to the preceding but 
seeks to avoid the errors instead of eliminating them from the result. 
It consists in the selection of favorable hours of the day. If we exam­ 
ine any table prepared for the application of either of the preceding1 
methods we shall find that for each month of the year there are certain 
hours of the day when the indicated corrections are either very small 
or nothing at all, and it is evident that by selecting those hours for our 
observations of temperature and pressure we shall obviate at least the 
use of the tables of correction. The same difficulties, however, inhere 
in this plan. The critical moments at which the observed temperatures 
truly represent the conditions of the air column occur upon the average 
at about the same time of day in the corresponding seasons of each year, 
but they unfortunately vary so greatly from day to day that it is nearly 
useless to seek them; and when to this consideration is added that of 
the inconvenience of maTdng observations at prescribed hours, the 
method retains little to recommend it. Moreover, the element of local­ 
ity enters so largely, and in ways apparently so anomalous, that no 
general rules for the selection of hours are practicable. For example, 
the tables constructed by Whitney for California indicate that below 
the altitude of* 2,400 feet the most favorable hour for barometric work 
in January is 6 p. m., while above 2,400 feet noon is preferable.

A fourth manner of procedure ignores altogether the readings of the 
thermometers at the two stations at the moment of barometric observa. 
tion, and substitutes therefor the mean temperature for the day, de­ 
duced either from a series of observations extending continuously 
through the twenty-four hours, or else from observations at 7 a. m., 2 
p. m., and 9 p. m.,—which have been found by trial to give approximately 
the same result. It is thus assumed, first, that the temperature of the 
included air column undergoes no change whatever during the twenty- 
four hours, and, second, that the daily mean of temperature as deduced 
from observation truly represents the actual temperature of the air 
column. Neither of these assumptions can be true; but they approx­ 

imate so much more nearly to the truth than does the alternative 
assumption that the desired- temperature of the air column is repre­ 
sented by the thermometric readings at the moment of barometric obser­ 
vation, that a great advantage follows their substitution. The error of 
the first assumption is not great, but it is certainly appreciable and 
should not be neglected if it is possible to apply a correction. Planta- 
mour's discussion of the great series of Swiss observations shows that 
the temperature of the main body of the atmosphere is there in mid­ 
summer 4° Fahr. higher in the afternoon than it is at early morning, 
and such a difference of temperature, when converted into altitude, 
amounts to eight feet in each thousand.

"We have at present no means of knowing that the conclusions de-
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rived from the Swiss observations are entitled to universal application, 
but it is reasonable to expect that future investigation will enable the 
construction of tables whereby an approximately true diurnal sequence 
of temperatures can be substituted for the assumed diurnal uniformity 
of temperature

The second assumption, that the daily mean temperature of the air 
column is equal to the half sum of the daily mean temperatures of the 
two stations as determined by continuous observations, is probably 
true when averages of long periods are considered, but is fallacious as 
applied to individual days. And there is little ground to hope that 
future investigation will discover any method of correcting the errors 
involved in the means of individual days as derived from observation.

The fifth method is one of avoidance rather than correction. It con­ 
sists in having the base station at approximately the same altitude as 
the new station, so that the included air column is of small height and 
the error dependent on the inaccurate determination of its temperature 
inconsiderable. This method is highly efficacious, but the opportuni­ 
ties for its application are rare. It was successfully employed, how­ 
ever, by the survey in charge of Dr. Hayden for the measurement of 
the numerous high peaks of Colorado. A base station was established" 
on one of the peaks and to it were referred all new stations of similar 
altitude.

A sixth method was proposed by Riihlmann, but has perhaps not yet 
been put in practice. His plan consists essentially in deducing the 
temperature of the air from barometric observations made at points of 
known altitude simultaneously with the observations at the stations 
whose difference it is desired to ascertain; the temperature thus ob­ 
tained is then used in the computation of the desired altitude. The 
advantages of this method are believed to be great, but since it is closely 
allied in principle to the method it is the purpose of this paper to pre­ 
sent, and will have to be discussed at length in a succeeding chapter, 
its consideration is deferred for the present.

HUMIDITY.

The errors which depend upon the humidity of the atmosphere resem­ 
ble those due to temperature in that they arise from the imperfection of 
our means of ascertaining the actual condition of the air column. It is 
a common practice to make instrumental tests of the amount of mois­ 
ture contained in the air at hypsometric stations, but there is reason to 
believe that these tests convey very little information as to the actual 
condition of the air column concerning which knowledge is desired. 
The error thus accruing is less than in the case of temperature, only 
because humidity is a much smaller factor of the hypsometric problem.

The variability of the distribution of moisture in the atmosphere
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arises from the atmospheric circulation, taken in conjunction with the 
laws of condensation. Aqueous vapor is diffused so slowly in air, and 
its relative amount in the atmosphere is so small, that its movements are 
not independent, and it is practically carried by the air. Whenever, 
therefore, a current of air moves upward and its temperature is lowered 
by rarefaction, a point may be reached where the accompanying vapor 
can no longer exist as such and is condensed to cloud or even to ram or 
snow.

Whenever a curient of air moves downward, on the other hand, its ca­ 
pacity for moisture is increased, and it acquires a gwcm-absorbent power 
so as to take up water from whatever moist surface it touches. At the 
surface of the earth there is an almost continuous passage of moisture 
from ground to air, only a part of the total exhalation being returned as 
dew. The daily circulation incited b.y the heat of the sun carries the 
moistened air upward, and eventually the water is returned to the earth 
in the form of rain. The acquisition of moisture by the air is greater 
by day than by night, and the precipitation is exceedingly irregular, so 
that in the distribution of the moisture there is a tendency toward hete­ 
rogeneity, which is only imperfectly met by the slow process of molecular 
diffusion. Probably the most variable stratum of all is that next the 
"earth, and it is to this that psychrometric observations are almost invari­ 
ably confined. A change of station of a few feet, or a slight variation in 
the direction or force of the wind, will often cause a very important dif- 
erence in the indications.

Similar irregularities are observed by aeronauts, who rarely if ever 
obtain humidity records indicating an orderly diminution from the 
ground upward, and the irregularities which they observe are more 
striking than the associated irregularities of temperature.

It is therefore generally conceded that the moisture observations 
which the hypsometer is able to make are of little service to him, unless 
it be in the form of means derived from long series.

DEVICES FOB THE ELIMINATION OF ERRORS DUE TO HUMIDITY.

Several of the devices employed to obviate errors of gradient and 
errors of temperature include at the same time errors of humidity, and 
it will be unnecessary to repeat their description here. The following 
methods apply to the moisture element only.

First. It is a common practice to ignore the changes announced by 
the psychrometers from hour to hour, and from day to day, and to use 
instead of individual readings the mean of observations for a consid­ 
erable period of time, snch as a week or a month.

Second. It is also a common practice to ignore altogether the indi­ 
cated changes of moisture, and assume that the influence of moisture 
upon the density of the atmosphere is strictly proportional to that of 
temperature. This is done by ascribing to the temperature an effect
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slightly greater than that due to the expansion of the air and omitting 
altogether the moisture term of the hypsometric formula.

This practice finds a certain warrant in the general fact that warm air 
can hold, and on the average does hold, more moisture than cold, but 
it is to be doubted whether the results thus obtained are as accurate as 
those by the first method. It is not, easy to test the matter, for the 
errors due to temperature, while they are to a certain extent analo­ 
gous to those arising from humidity, are so much greater in amount 
that they mask them and render their discussion a matter of difficulty. 
There can be no doubt that cither of these methods is preferable to that 
which employs a single psychrometric observation made in conjunction 
with the reading of the barometer as an indication of the coincident con­ 
dition of the atmosphere; either of them is sufficiently accurate for the 
present, or until the more serious difficulties arising from gradient and 
temperature are more successfully met than they have been hitherto.

EEEOES OF OBSERVATION.

It has been assumed in the preceding pages that the instruments 
employed faithfully record the condition of the atmosphere in which they 
are immersed, that they are not exposed to abnormal local conditions, and 
that they are accurately read. As a matter of fact, however, meteoro­ 
logical instruments are neither perfect in their construction nor capable 
of giving trustworthy indications unless handled with skill and care, 
while it is a matter of the utmost difficulty to secure strictly normal local 
conditions. We will give brief consideration to the principal errors of 
observation, and to the precautions which are found to diminish them.

Take, first, the thermometer which is used to measure the tempera­ 
ture of the air. The mercury in the bulb exchanges heat with the sur­ 
rounding air by conduction, and would acquire precisely the temperature 
of the air if cut off from the influence of all other sources of heat. There 
is, however, a constant interchange of heat between all bodies, including 
the thermometer, by radiation, and if the surfaces in the vicinity of the 
thermometer have a different temperature from it, they influence its 
temperature. Even the body of the observer communicates an ap­ 
preciable thermic effect to the thermometer before him. It is import­ 
ant, therefore, that the thermometer be insulated from all bodies which 
have not the temperature of the air; but this must be accomplished 
without depriving the air itself of free access to the bulb. At fixed 
observatories insulation is usually attained by surrounding the ther­ 
mometer stand by a wooden lattice, but when observations are made out 
of doors by itinerary topographic parties the most that is ordinarily 
done is to place the thermometer in the shade and in such position that 
it receives radiation from no greatly heated object nor brilliant reflector. 
The influence of the body of the observer is avoided by approaching the
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thermometer only when the moment has arrived for reading it, and then 
making the observation as quickly as possible, before the communication 
of heat has been great enough to acquire importance.

The psychrometer in ordinary use consists of a pair of thermometers, 
one of which is exposed to the air in the usual manner, while the other 
is exposed with a moistened bulb. The evaporation of moisture from 
the suiface of the wetted bulb has a cooling efi'ect, and causes that 
thermometer to indicate a lower temperature than the other. The dif­ 
ference between the readings of the two thermometers enables the hu­ 
midity of the air to be computed. Observations with this instrument 
evidently suffer from all the defects of exposure which affect the meas­ 
urement of the temperature, and they incur, moreover, some special dif­ 
ficulties, which need not be described because they are overshadowed 
by that arising from the inequality of the distribution of moisture in the 
air. Except in very moist weather the heterogeneity of the air near 
the ground is so great that the aqueous contents indicated by the psy­ 
chrometer at any instant are, within wide limits, a matter of accident. 
The best that can be done by the observer is to avoid making his meas­ 
urement on the lee side of a surface affording rapid evaporation.

The barometer, like the thermometer, is subject to errors caused by 
radiant heat, but in a somewhat different manner. The mercury of the 
barometric column, and the scale (usually of brass) by which its height 
is measured, expand in different degree for the same addition of heat, 
and it is necessary to know their temperatures in order to make proper 
allowance. The temperature of the instrument cannot be accurately 
measured unless it is uniform throughout, and unequal radiation from 
different sides interferes with this uniformity.

The barometer therefore is not merely hung in the shade so as to avoid 
the direct rays of the sun, but is insulated as far as practicable from all 
sources of radiant heat, and is not approached by the observer until the 
moment for observation has arrived.

The brass scale is usually so thin that it undergoes changes of tem­ 
perature more rapidly than the mercury. If, therefore, the temperature 
of the surrounding air be gradually raised, the brass scale responds 
more promptly than the mercurial column and becomes relatively too 
long, while the reverse takes place if the temperature is lowered. It 
results that a rising temperature gives too low an estimate of barome­ 
tric pressure, and a falling temperature too high. If the change is rapid, 
the record may be vitiated to the extent of ten or fifteen thousandths of 
an inch. The precaution generally recommended is to put the barometer 
in position and leave it with unchanged conditions for fifteen or twenty 
minutes before observation.

In portable barometers of the pattern in ordinary use in this country 
the tube containing the mercury is of so small caliber that the move­ 
ments of the mercury are influenced by capillarity. The mercury is 
prevented from standing as high as it otherwise would, and its rise and
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fall are impeded. The errors thus occasioned have been corrected in va­ 
rious ways. They can be avoided altogether by giving to the tube a large 
bore, but the portability of the instrument is thus destroyed. Tables 
of corrections have been prepared, but their application is rendered diffi­ 
cult by the inequality of bore, not only of different tubes, but of different 
parts of the same tube. The greater part of the difficulty from sluggish­ 
ness, but not the whole, is removed by jarring the tube immediately 
before the reading is taken, so as violently to overcome the quasi adhesion 
of the surface of the mercury to its sides. The only known practicable 
method of making due allowance for the individual peculiarities of each 
barometer is to compare it with a standard under all conditions of press­ 
ure, and record its errors, basing upon them afterwards a table of cor­ 
rections.

A third occasion of false estimate of pressure, and the most insidious 
of all, is found in the influence of wind. If during a strong wind 
the room in which a barometer is placed have apertures on the wind­ 
ward side open, and all those on the opposite side closed, an abnormal' 
quantity of air is forced into it, increasing its atmospheric tension and 
causing the barometer to rise. If, on the other hand, the windward 
apertures are closed and the leeward opened, a suction is produced 
whereby the quantity and tension of air in the room are abnormally 
diminished and the barometer is made to fall. Every aperture in every 
room contributes in some way to the influence of the wind upon the 
atmospheric pressure in the room, and this influence varies constantly, 
not only with the force of the wind, but with its direction. If the ba­ 
rometer be hung out of doors the wind does not lose its influence but 
merely changes the point of application. The cistern of the barometer 
is itself a room, communicating by an aperture or apertures with the ex­ 
ternal air, and is as truly subject to abnormal tension as a larger 
inclosure.

The errors which may thus arise in the case of strong winds are large, 
amounting in some instances to the 180th part of the atmospheric press­ 
ure,* and affecting the determinations of altitudes by. more than one 

• hundred feet. Recent investigations encourage the hope that the pneu­ 
matic principles upon which these abnormal tensions depend will soon 
be so well known that it will be possible either to avoid or to correct the 
errors they occasion, but for the present the only known method of escape 
is by choosing for observation periods of calm or of light wind.

GENERAL DEVICES FOR DIMINISHING HYPSOMETRIC ERRORS.

There are a number of the devices mentioned above under the sev­ 
eral heads of gradient, temperature, and humidity, which in their appli-

* See Chapter IV for demonstration of the influence of the wind on the barometer 
observed on the summit of Mount Washington.
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cation always have the effect of diminishing en ors of more than one 
"class; and there are, moreover, certain general methods of procedure, 
when many stations are to be treated together, which conduce at the 
same time to accuracy of result and economy of effort. These will now 
be taken up in order.

T. The chief of the general devices which have already been mentioned, 
is that of the empiric correction to the computed altitude. When the 
difference of altitude of two stations is computed repeatedly from a large 
number of observations, covering all parts of the year and all hours of 
the day, it is found that the results obtained at some seasons are on 
the average larger than those obtained at other seasons, and that those 
reached at certain hours of the day are on the average larger than those 
reached at certain other hours. Fro'm such series of results it is a simple 
matter to deduce corrections which, being added to the individual-results, 
will make them accord better with each other and with the actual dif­ 
ference of altitude. Such tables of corrections have been prepared in 
India, in California, and in Europe. To be of value they must be based 
upon the means of long series of observations; and all of the best of 
them are so based. As a rule, they contain a correction for each mouth 
of the year and each hour of the day, and are therefore adapted to the 
elimination of all errors, from whatever source, which have either a 
yearly or a daily period. They include the errors dependent on annual 
gradient, on diurnal gradient, and on the annual and diurnal variations 
of temperature and moisture. The influence of non-periodic gradient 
escapes them, and so does the influence of all non-periodic variations of 
temperature and humidity; and with the latter is included a very import­ 
ant factor—the non-periodic variation of the amplitude of the diurnal os­ 
cillation of temperature. Nevertheless, the elimination of periodic errors 
is a matter of so great importance that the device would be eminently 
useful were it not for the local restriction to its application.

Such a table of corrections, when applied to the identical pair of sta­ 
tions at which were made the observations on which it is based, gives 
good results; applied to another pair of stations in the same neighbor-. 
hood it affords results somewhat less accurate; and applied to stations 
at a distance it fails altogether to enhance the accuracy of the deter 
minations. It is therefore not universal in its application, but strictly 
local, and, in order to give the device a general application, special tables 
of correction need to be deduced for every district in which it is desired 
to apply them.

It might at first seem natural that a system of errors dependent upon 
the periodicity of the supply of solar heat would be identical the world 
over and might be eliminated by a single system of corrections, but 
as a matter of fact they cannot be so eliminated, and the difficulties 
which stand in the way are not far to seek. While the sun is the 
prime cause of all atmospheric perturbations, and while the variations 
in the amount of solar heat which reaches any given spot are cliarac-
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terized by the most definite diurnal and annual periods, its influence is 
nevertheless greatly modified by conditions, and some of these condi­ 
tions are purely local. The principal ones are as follows :

First. Latitude. If this were the only oue it could be readily taken 
account of, and it would be a simple matter to compute empiric correc­ 
tions for all latitudes.

Second. Relation to ocean currents. The circulation of the ocean 
causes the transfer of great bodies of warm water toward the poles, and 
of bodies of cold water toward the equator, and these moving bodies 01 
water, having each a temperature differing from the mean temperature ot 
the adjacent land, become themselves, so far as meteorologic problems 
are concerned, actual sources of heat and cold, and give to special local­ 
ities which fall within their influence hypsometric conditions entirely 
independent of latitude.

Third. Forms of land surface. The reliefs of the earth, by modifying 
the direction of winds, by localizing precipitation, and m numerous other 
direct and indirect ways, have an influence upon the condition of the 
atmosphere, which is none the less actual because in the present state 
of meteorologic science it is difficult to formulate.

Fourth. Textures of land surface. The highly different powers of 
absorption and radiation possessed by surfaces of earth of various 
colors, by verdure, by naked rock, by snow, and by water,-affect greatly 
the diurnal and even the annual variations of temperature, moisture, 
and gradient; and their influence is of a complex character that defies 
close analysis. The hypsometric periodicity of a locality is therefore 
controlled by the physical characteristics of its vicinity—by its environ­ 
ment, that is,—-just as perfectly as is its weather, and we can hardly look 
forward to the time when meteorology will be so far enabled to analyze 
and weigh these various influences as to render it possible to adapt a 
system of empirical barometric corrections to all times and all places,

The hypsometric device which applies an empiric correction to the 
observed temperature of the air is practically identical with that which 
applies a correction to the computed altitude, for although the adjust­ 
ment of the temperature is primarily for the purpose of correcting the 
periodic errors introduced by a false estimate of the thermic condition 
of the air, it is always deduced in such way as to correct at the same 
time all other errors having the same period. It is, therefore, subject 
to the same limitations in its application as the preceding device, and 
the same remarks apply to it.

The method which depends upon the selection of hours of observa­ 
tion relies also on the same principle, and has the same advantages and 
disadvantages.

The hypsometric method which substitutes series of observations for 
individual observations is ordinarily barred from use by its expense, 
but there are occasional circumstances which render it available. It
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is especially useful in determining the altitudes of meteorologic sta­ 
tions which are permanently occupied for other purposes. When the 
series of observations at each station is hourly and extends through an 
entire day, it serves to eliminate, either approximately or completely, 
all errors which exhibit a daily period. These are the diurnal gradient, 
the diurnal temperature error (which is the chief error arising from the 
temperature of the air), and the diurnal moisture error. The non-pe­ 
riodic and annual gradients are practically unaffected, and it is prob­ 
able that there is usually a large residual inaccuracy in the determination 
of humidity.

If the series of observations be extended through so long a period as 
a month, errors dependent upon humidity are greatly reduced, and if 
they have no large local factor, such as that which arises from the 
proximity of a surface of rapid evaporation, they are practically can­ 
celed. The influence of non-periodic gradient is greatly diminished 
also, for usually in such a period of time it shifts its direction several 
times and approximately neutralizes itself in the mean result. If the 
series of observations embrace an entire year, the effect of annual gra­ 
dient also disappears, and, theoretically, nothing remains but the per­ 
ennial gradient. It is found, however, in practice that there is a small 
residual inequality.

The method which depends upon the establishment of numerous 
base stations in a vertical series is likewise highly efficacious, and 
might be widely employed but for its expense. It affords no relief to 
the troubles imposed by annual and non-periodic gradients, and it is a 
matter of doubt whether it greatly diminishes the influence of diurnal 
gradient, but it practically excludes all errors arising from our imperfect 
knowledge of the temperature and humidity of the air. Those errors are 
proportioned ̂ cceteris paribus, to the difference of altitude between the 
new and base stations, and if the base station is in every case selected 
so that this difference of altitude is small, the errors are thereby ren­ 
dered insignificant.

n. We now turn to the second class of general methods. Nearly 
everything that has been said in the preceding pages applies to the 
case in which it is desired to ascertain the height of a single station, 
but in by far the largest part of hypsometric work a great number of 
new stations, lying more or less in the same neighborhood, are visited 
jn rapid succession, and are all referred to the same base station, where 
a continuous series of observations is maintained. This is the case 
wherever the barometer is employed to furnish the vertical data for a 
map of a mountainous region, and it is under such conditions that the 
barometer as a hypsometric instrument is chiefly employed.

When the scheme of stations consists of a base station where obser­ 
vations are made at short intervals for a long period, and numerous new
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stations at each of which the barometer is read, either once only or at 
most a few times, temperature and moisture observations can be made 
of better quality at the base station than at the others. Such a 
base station is, or should be, provided with means for protecting its 
thermometers from all sources of radiant heat much better than is pos­ 
sible during the hurried observations of an itinerary party; and the uni­ 
formity of the local conditions by which it is surrounded tends to give 
a uniformity or harmony to the hypsometric results, which for most pur­ 
poses is desirable even though constant errors are involved. It is usu­ 
ally more important that determinations of altitude within the field 
of a map be consistent with each other than that they be absolutely 
correct. For this reason some geographers have preferred to confine 
their observations of temperature and moisture to the base station and 
carry no instruments but barometers to the new stations. For pur­ 
poses of computation, the temperatures of the new stations are deduced 
from those of the base by adding or subtiacting a number of degrees 
corresponding to the difference of altitude, allowing a certain fraction 
of a degree for each unit of vertical distance; and a similar empnic 
rule is applied to the moistures. It is an advantage of this method that 
it admits of the substitution of the mean air temperature for the twenty- 
four hours in place of ttie temperature observed at the hour of barome­ 
tric measurement, without prolonging the observations at the itinerary 
or new station into a daily series. It also admits of the derivation of 
a vapor correction from the mean of observations extending over a con­ 
siderable period of time. There can be little question that it is superior 
both in economy and accuracy to the system which sends the ther­ 
mometer and psychrometer along with the itinerary barometer and after­ 
ward employs their indications in the computation of altitudes.

Advantage is frequently gained, also, by the employment of inter­ 
mediate stations, or temporary base stations. It often happens in the 
conduct of surveys that a field party retains its headquarters for several 
days in one place, during which time one or more barometric stations 
are made near by, and it is considered desirable in such case to carry 
on a series of barometric observations at the headquarters during 
the whole of the time. By means of these it becomes possible to deter­ 
mine the altitude of the headquarters station more accurately than could 
be done if a single observation only had been made, and if its situation 
is at some distance from the barometric base station it is better in the 
computation to refer the itinerary stations of the vicinity to it than 
to the principal base station. The principal error obviated by this 
means is that due to non-periodic gradient.

Another general method consists in,the combination of barometric
determinations with trigonometric. In any survey which is based upon
triangulation the points occupied by the map-makers are necessarily
intervisible, so that, if their distances are not great, it is possible to

28 G A
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ascertain their relative altitudes by means of vertical angles, and this 
with a degree of accuracy to which the barometer has not yet attained. 
If, as is usually the case, the stations occupied by the topographer are 
also "new stations" of the barometric scheme, great accuracy can be 
attained by the combination of the two classes of data. The relative 
altitudes determined by means of vertical angles enable the computer 
to refer all the barometric determinations of altitude to a single point 
and there combine them. The mean result given by the combination 
has far Ligher claims to accuracy than any single determination, and 
affords a trustworthy initial point for the system of relative altitudes 
measured by the topographer. All classes of barometric errors are by 
this method diminished, and the altitude determination for each station 
of the entire system acquires an accuracy comparable with that which 
would be given by a continuous series of observations at a single new 
station extending through the whole period of field work.

RELATIVE IMPORTANCE OP DIFFERENT SOURCES OF ERROR.

In the preceding enumeration of the sources of error which affect the 
use of the barometer little has been said of their relative importance. 
It is indeed impossible to compare them in a strict way, because they 
are conditioned by different circumstances. The errors arising from 
non-periodic gradients are approximately proportional to the force of 
the wind and to the horizontal distance between the base and new sta­ 
tions. Those which arise from diurnal gradient are apt to be greater 
when the difference of altitude is great. Errors arising from tempera­ 
ture and moisture are proportional to the difference of altitude, but arc 
influenced'-also by the time of day, the season of year, and the rela­ 
tion of the stations to the ocean. The errors, therefore, which affect 
the determination of the height of a mountain above its base are those 
of temperature, moisture, and diurnal gradient, while the difficulty en­ 
countered in determining the relative altitude of two stations upon a 
plain arises almost entirely from non-periodic gradient.

It will be instructive, however, to assume a case as representing the 
average of conditions under which barometric hypsometry is ordinarily 
conducted aud show in what proportion the result is likely to be affected 
by the various factors. "We will assume that one station is five thou­ 
sand feet higher than the other, that they are fifty miles apart, and that 
they are situated in the temperate /one, remote from the ocean. We 
will assume further that the observations, a single pair, are made near 
the middle of a clear day in summer, and that a light wind is blowing 
at the time. The following table presents in its first column of figures 
the probable error in feet arising from each of the indicated sources, and
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iu its second column the possible error,—all of the errors being estimated 
by the writer from the consideration of actual cases.

Probable 
Erroi, 
in feet

6
8

20
100
10
10

lOS'

Possible 
Error, 
in feet

20
30
50

300
20

420

The conspicuous feature of the table is that the temperature error is 
not only the greatest under ordinary circumstances, but that it exceeds 
the total of the others, so that it is with good reason that hypsometric 
students have given their chief attention to devices for avoiding or cor­ 
recting it. That from non-periodic gradient stands next, and it may 
fairly be said that if these two are neglected it is a waste of time to pro­ 
vide against the others. It must be remembered, however, that these 
errors are estimated on the assumption that none of the special devices 
recited in the preceding pages are employed, save only the universal 
device of the base station. As a matter of fact very little work is now 
carried on without recourse to some of them, and it is probable that the 
average error of the determinations of altitude which have been made 
during the past decade is less by one-half than the table would imply.

THE PRACTICAL PROBLEM.

The difficulties which inhere in the use of the barometer for the meas­ 
urement of heights are so numerous and so baffling that there is no 
reason to hope they will ever be fully overcome. The best that can be 
done is to mitigate them, and the real question to be answered is, What 
efficiency is it practicable to give to the barometer ? The question is 
largely an economic one, for it is always possible to obtain by means of 
the engineer's level a degree of pr. cision absolutely impossible to the 
barometer, and it can therefore never be profitable to employ a barome­ 
tric method so elaborate that its cost will approach that of the use of 
the spirit level. Moreover, in that important branch of hypsometric work 
in which many points are to be determined within a limited district, the 
engineer's transit and allied instruments for the measurement of angles

* When a measurement is sabject to errors from two or more sources, its probable error (using the 
term in its mathematical senae) is equal to the sqaare root of the sam of the squares of the probable 
errors from the several somces
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are able to do the work much cheaper than the engineer's level, and their 
degree of precision is in general higher than that of the barometer. 
In such cases the barometer must therefore be handled with still greater 
regard to economy if it is to retain its place in the field,

It has been practically demonstrated that in the work of mountain 
surveys protracted series of observations can economically be made at 
base stations, and it is almost equally certain that the protracted occu­ 
pation of new stations, even for a single day, is economically inadmissi­ 
ble. The problem therefore which occupies the attention of those who 
have occasion to use the barometer in extended surveys is how to secure 
the best result from a single observation at a new station, combined 
with series of observations at one or more base stations.

The preceding pages have described all the principal methods of pro­ 
cedure that have been employed in the past; the following will set forth 
the new method which forms the theme of this paper.



CHAPTER II.
THE NEW SOLUTION.

In the following pages a new system of barometric hypsometry is pre­ 
sented.* It is not of universal application, but the range of work to 
which it is adapted is large, and it is believed that such tests as have 
been applied give it sufficient indorsement to entitle it to the attention 
of the geographer.

The new system proposes a new method of observation and a new 
method of computation.

The method of observation is as follows: Two base stations are estab­ 
lished—one high, the other low. Their difference in altitude is made as 
great as practicable, and their horizontal distance is made as small as 
practicable. Bach is furnished with a barometer, and a barometer only, 
and observations are made at frequent intervals through each day, as 
in the ordinary system. At each new station a barometer is observed, 
and no other instrument,—the psychrometer arid all thermometers, ex­ 
cept that attached to the barometer, being discarded. The difference in 
altitude of the two base stations is determined by spirit level and con­ 
stitutes a vertical base line by which all altitudes are ganged.

The field-notes thus consist of three series of barometric readings, 
pertaining respectively to the upper base station, the lower base sta­ 
tion, and the new stations.

The method of computation is as follows: The readings are first cor­ 
rected for index error and temperature of instrument. They are then 
collected m groups of three, each observation at a new station being- 
associated with the coincident observations at the two base stations. 
The altitude of the upper base station above the lower is now com­ 
puted in the usual manner, except that no corrections for moisture, 
temperature, or gravity are applied—that is to say, it is computed on 
the assumption that the air is dry and has a uniform temperature of 
32° P.; and the same computation is made of the altitude of the new 
station above the lower base. The results of these computations will

* The first publication of the system was made in a communication to the Philo­ 
sophical Society of Washington, in 1877. (See page 131 of the Bulletin for that year.)

437



438 MEASURING HEIGHTS WITH THE BAROMETER.

be called the approximate height of the base line and the approximate 
height of the new station. 

The following proportion is theu made —
The approximate ) ( The true height > t The approximate ) ( The true height 

height of the > : < of the base > .: < height of the > : < ofthenewsta- 
baseline(-B) ) ( line (B) ) ( newstation(^) S ( tion (A)

whence ~§ =X ••••••••• (1)

Here all the terms are known except the true altitude of the new 
station (A) and that is deduced by the solution of the equation. This 
is the essential nature of the computation. As will be presently ex­ 
plained, its form is changed as a matter of convenience, and a small 
correction is added.

The theoretic basis of this procedure will now be given. The weight 
(W) of the air column included between the upper and lower bases 
is determined by the barometers for the instant of observation. It is 
equal to the product of the mean density (d) of the column, multiplied 
by its height (B), multiplied by a constant factor (E)*.

W=dBE ......... (2)

B is the approximate height of the same column, computed on the 
assumption that its mean density is that which would obtain if it were 
free from aqueous vapor and had a uniform temperature of 32° F. 
Calling this assumed standard density d, we have

(3)

Dividing this last equation by the preceding, member by member, we 
obtain

. B a ...whence B~<? ' ........ (5)

The ratio of the approximate height of the base line to its true height 
is thus found to equal the ratio of the actual density to the assumed or 
standard density ; and it is the measure, therefore, of the temporary con­ 
dition of the column with respect to density.

Evidently an identical process of reasoning will show that the ratio 
of the approximate height of the new station to its true height is the

* The composition of this factor is omitted from the text because it is not essential 
to the discussion. It includes the area of the cross-section of the air column and 
the weight of a unit volume of dry air at a standard tempeiature of 0° Cent., and un­ 
der the standard pressure of 760mm
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measure of the temporary condition, with respect to density, of the air 
column included between the new station and the lower base station.

Equation (1) postulates that the temporary condition of one air column 
is identical with the simultaneous condition of the other—with respect 
to an assume.d standard of density. It does not postulate equality of 
densities, for the assumed standard is not a uniform density, but is that 
system of densities which would obtain under the logarithmic law in 
both columns if the air were dry and of a uniform, standard tempera­ 
ture. It merely postulates that the temporary accidents of temperature 
and moisture affect both columns alike.

What is practically done is to deduce from the comparison of the 
computed height of the base line with its true height a ratio or coeffi­ 
cient expressive of the temporary local variation of density, and then 
to apply this coefficient in the simultaneous determination of the height 
of a partially coincident air column. The first member of Equation (1) 
deduces the coefficient; the second applies it.

One of the distinctive characteristics of this hypsometric method is 
that it observes density directly, whereas other methods observe tem­ 
perature and moisture only and deduce density. -The only reason which 
has ever existed for measuring air temperatures in hypsometric work 
has been to ascertain the density of the air, and the only reason for 
measuring the moisture of the air has been to ascertain its density. - A 
second distinctive feature is that the new method employs in its de­ 
termination of density a column of air comparable in height with the 
one to be measured and fairly representative of it, while other methods 
base their diagnosis of the column to be measured on density determina­ 
tions made close to the ground, where, as a rule, the conditions are not 
representative. A third is that the process which determines the density 
is the simple inverse of the process which applies it in the computation 
of the desired height.

THE FOBMULA.

We shall now proceed to develop the full formula for the computation 
of altitude, considering, first, what may conveniently be called the loga­ 
rithmic term, and, second, what may be called the thermic term. The 
logarithmic term will embody the relation postulated by Equation (l)j 
the thermic term will express a necessary qualification of that postulate.

Let L, U, and N represent the altitudes of the lower base station, the 
upper base station, and the new station, respectively, and assume 
L < N < U. Let I, u, and n represent the synchronous barometric read­ 
ings at the same stations, corrected for temperature of instrument and 
index error.

Let B=the vertical base line, or the difference of altitude of the two 
base stations. B=U—L.
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Let A= the required difference of altitude, N—L, and a its uncor- 
rected value as deduced by Equation (1)*. Since B=U—L and 
A=N-L, B-A=U-K

All vertical distances are referred to the lower base station as an 
origin.

The approximate height of the base line, deduced by tlie logarith­ 
mic law (p. 406) from the barometric readings at the two base stations, 
is—

O(logl-logu),

in which 0 is a constant. The approximate height of the new station 
above the lower base station is—

C (log I— log »).
With the substitution of this notation the proportion on page 438 becomes 

0 (log I— logw) : B : : C (log I— log n) : a,
_ log I— log n _. whence ^B^^JL. ? ....... (6)

an expression free from the constant 0.
This is the logarithmic term of the formula. It would need no com­ 

panion if the atmospheric column were uniform in temperature and if 
its aqueous vapor were uniformly distributed; but since thib is never the 
case there must be added to it a term representative of the influence of 
the distribution of temperature and vapor on the distribution of densities.

In a.general way it is known that the upper layers of the air are 
cooler than the lower, but the law of variation eludes discovery, being 
concealed by its multitudinous exceptions. In a general way, too, it is 
known that the upper layers of air contain a smaller per cent of moisture 
than the lower, but in this case also the law of variation is obscured by 
its exceptions. In order, however, to give these elements a place in the 
formula it is necessary to embody their law of variation, known or postu­ 
lated, and we shall therefore assume that the collective influence of the 
two factors upon the distribution of densities in an air column follows a 
simple arithmetic law, modifying the density of each part of the column 
by an amount strictly proportioned to its height above the base. When­ 
ever a better assumption becomes possible the term here deduced will 
need to be replaced by another.

The distribution of densities in the air is determined by three factors: 
pressure, temperature, and aqueous vapor. They are in reality inti­ 
mately conjoined, but the considerations about to be adduced will be

* The mathematical reader will obsei ve a change of notation here; a is now used to 
designate a quantity denoted by A in Equation (1), while A is used for the same 
quantity pins a correction. In another sense, however, the notation is consistent, for 
A is continuously used to indicate the quantity sought, the necessity for a correction 
being ignored until the foundation of the formula had teen laid.



THERMIC DENSITY DEFINED. 441

rendered clearer by treating them for a moment as independent. If the 
air were of uniform density at all heights, and the element of weight 
were introduced alone, the lower strata would be compressed by the 
weight of those above, and the resulting system of densities would 
exhibit a diminution from below upward. If the air were of uniform 
density, and the element of temperature were introduced alone, the 
high temperatures at low altitudes would cause a dilatation there, the 
low temperatures at high altitudes would cause a contraction, and the 
resulting distribution of densities would be characterized by an increase 
from below upward. If the air were of uniform density, and the element 
of vapor distribution were introduced alone, the greater per cent of 
aqueous vapor (which is a rarer gas than dry air) in the lower strata 
would cause them to be relatively rare, and the resulting distribution 
of densities would be characterized by an increase from below upward. 
The pressure factor would make the lower layers of the atmosphere the 
denser; the temperature and vapor factors would make them the rarer. 
The pressure factor is by far the most important, and in the actual dis­ 
tribution of densities there is a diminution from below upward; but this 
upward decrease is a resultant of the upward decrease due to pressure, 
combined with the upward increase due to temperature and aqueous 
vapor.

It will be convenient to speak of the factors dependent on temperature 
and vapor collectively as thermic, calling the upward increase of density 
due to them the thermic increase and the density they would by them­ 
selves establish the thermic density ; and it will be convenient to speak 
of the factor dependent on pressure as logarithmic, since its influence is 
expressed by the logarithmic law. The logarithmic term of our formula 
gives an approximate altitude for the new station, dependent on the 
logarithmic factor of density; the thermic term will have the relation 
of a correction to this.

The mean thermic density of the air column comprised between the 
new station and the lower base station is by postulate equal-to the 
thermic density of the stratum midway between the two, the altitude of
which is —i—. The mean thermic density of the column comprised

2i
between the base stations is in like manner equal to that of the stratum
at the height expressed by -—£—• The vertical space between these2i
two midway strata is—

U+L_N+L U-N B-A
2 2 ~~ 2 ~~ 2

The difference between the two mean densities will be found by mul­ 
tiplying the number of units contained in this vertical space by the 
thermic increase of density for each unit of vertical space. The rate of 
thermic increase being assumed to be uniform from the ground upward,
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we may suppose that at some height its total amount becomes equal to 
the density at the ground, or that when expressed in terms of the initial
density it becomes unity. Call that height 7r. The thermic increase of&

D 2density for each unit of vertical space is then expressed by 1-f--^, or ̂  :& \j
and the expression for the difference between the mean thermic densities
becomes —

B-A 2 B-A 
2 D D

This expression has a linear space for its numerator and another for 
its denominator, and is itself a ratio. It denotes the fraction by which 
the thermic increase of density affects the relative densities of the two 
columns, B and A. Since the heights of the columns are inversely as 
their densities, the same ratio expresses the fraction by which the de­ 
duced altitude, A, is affected by the thermic variation of density. The 
correction for thermic density is therefore found by multiplying this
ratio by A. and is —

A(B-A) 
D

Since by postulate N < U, the midway stratum of the column A is 
lower than that of the column B, its temperature is higher, and its ther­ 
mic density is less. Hence, the neglect of the thermic factor of density 
in the computation assumes too great a density for A. And since the 
height varies inversely with the density, the assumption which makes 
the density too great makes the height too small. The neglect of thermic 
density therefore gives too small a computed altitude, and the thermic 
correction should be given a positive sign. The full formula accord­ 
ingly reads:

_ lQg l ~ log n A ( B - A)

The assumption that L<N<U, or that the new station is interme­ 
diate in height between the upper and lower base stations, was adopted 
for a temporary convenience, but is in reality not essential to the dem­ 
onstration, and can now be laid aside. When the new station is higher 
than the upper base, B— A becomes negative and renders the thermic 
term negative. When the new station falls below the lower base, A 
becomes negative and renders the thermic term negative. In the latter 
case, however, log n becomes at the same time greater than log I, and 
the logarithmic term is rendered negative ; so that, both terms being 
negative, their numerical combination is by addition.

It was also assumed for simplicity's sake that the altitude of the 
new station was to be referred to the lower base station. Let us now 
make the opposite assumption, referring it to the upper base station, 
and making that station the origin of vertical distances. Calling' B'
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the base line as referred to the new origin, and A' the height of the new 
station referred to the same, we have—

B'= -B, and " A'= A-B, . . (8), (9) 
whence A= A'-B', and B-A= -A' . . (10), (11) 

Substituting these values in Equation (7) we obtain—
A, B,_ B,logl-logn (A'-B')x(-A') A-tf_ -* logl_logu + ———D—————,

whence A, =B,log u-logn A'(iy-A') (12)
log u—log I ^ D v

This equation is identical in form with Equation (7), but u aud I have 
exchanged places. This is as it should be, because the relations of the 
upper aud lower base stations, severally, to the new station have been 
reversed. Equations (7) and (12) are indeed special cases of a more 
general formula. If we designate the barometer reading at that base 
station used as the origin of distances by o, and the reading at the other 
base station by *, and call the base line and computed height, as referred 
to the same station, B0 aud A0, we may deduce from either equation the 
following—

. _ B logo-logrc A0 (B0-A0) . 13 > A°-B° logo-log**——D——— • • • • (")

It is a matter of indifference, so far as the result in absolute altitude 
is concerned, whether new stations are referred to one base station or 
the other. As a matter of convenience, however, it is preferable to use 
the lower; and the remainder of the discussion will be based on Equa­ 
tion (7).

The application of the logarithmic term to the computation of altitudes 
is simple, and no table is required except a table of logarithms, but the 
thermic term is not conveniently constituted for direct computation 
and should be put into the form of a table, with a and B as arguments; a
being the briefer designation of the unconnected altitude, B l°j» — og w

Such a table is appended to this paper, giving the thermic correction 
for each 100 feet of a and of B. It will suffice for all general use, but 
the computer who has a large number of stations referred to a single 
base line may find it advantageous to construct a special table for the 
individual value of B, and thus avoid interpolation.

To apply the formula (7) directly without the intervention of a table 
is inconvenient because the thermic term involves the unknown altitude, 
A. The following form, which is not strictly identical but approximates 
closely, is free from this objection—

log i! - log n a (B - a) _
D + a-(B-a) ' '
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It remains to consider the constant D, to which no value has jet been
o

assigned. By definition — is the increment of thermic density for au

ascent of a unit of space, and — is the vertical distance at which thez
total increment of thermic density amounts to unity. D is therefore 
a linear space, to be counted in feet, or meters, or whatever other unit 
is used for B and A in the formula. It is also a function of the vertical 
distribution of heat and moisture in the atmosphere, and since that dis­ 
tribution is a function of the vertical circulation of the air as modified 
by a great complex of conditions both local and seasonal, it is impractic­ 
able to derive D deductively. It can only be ascertained experimentally. 
Indeed it is only in a mathematical sense that it is a constant; for it 
is far from being a fixed natural factor, such for example as the coeffi­ 
cient of expansion of dry air. It is rather the average value of a per­ 
petually fluctuating quantity, which we are content to consider in its 
totality, only because its component elements vary with time and space 
in a manner too complex for analysis.

Our best means of ascertaining it is to apply our formula to the com­ 
putation of altitudes already known, and see how large D must be to 
give the best average result. For this purpose we give Equation (7) the 
following form,

A (B-A)D = log I - log n (15)

and apply it to the barometric observations of stations (in groups of 
three) whose relative altitudes have been determined by spirit level.

It is important that the stations differ greatly in altitude, each from 
each, that they be not widely separated horizontally, and that the 
series of observations include all portions of the year and all parts of 
the day. At the present time data for a satisfactory determination do 
not exist, but there are available two series of observations which sat­ 
isfy some of the conditions.

1. The Geological Survey of California, in charge of Prof. J. D. Whitney, 
conducted observations for a period of nearly three years at Sacramento, 
Oolfax, and Summit, the barometers being read at 7 a. m., 2 p. m., and 
9 p. m. The differences in altitude and the distances of the stations are 
as follows:

Colfax to Summit .... . ... ..... ... .....

Distance

Miles 
45
36
77

Difference 
ii> Altitude

Feet 
2,399
4,590 
6,939
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Unfortunately the distances are so large that all results derived from 
the observations arc affected by atmospheric gradients; but a certain use 
can still be made of the annual means.

2. Riihlinann, in his Barometric Hypsometry, gives a table of means of 
observations made at three stations on the Miesing, citing Bauernfeind 
as his authority. The series is for a week in August, 1857, and includes 
the mean for each honr of the day from 8 a. m. to G p. m. The altitudes 
of the stations are.

Station

Upper . ...... . .....
Middle ..... ......
Lower ....... . . . . ......

In Meters

1,883 5
1,355 0

815 4

In Feet

6, 179 6
4,447 0
2, 675 2

The distances are not given by Riihlmann, and unfortunately the origi­ 
nal record from which he quotes is not at this time accessible to me.

The Californian observations embrace, the years 1871 and 1872 and 
portions of the years 1870 and 1873; but for the present purpose, only 
the series for the two entire years have been employed.

The observations for each year were first divided into two equal parts, 
the first including the warmer months (May to October) and the second 
the colder months; and from the means of the barometric observatious 
during each of these periods of six months the constant D was computed 
by Equation (15). The observations were next grouped according to 
.the hour of day, those at 7 a. m., 2 p. in., and 9 p. m. for each year being 
considered separately, and the constant was again computed. Finally 
a separate computation was made from the mean of all the observa­ 
tions.

In the following table the first column of figures gives the several
o 

values of D, in feet, and the second the corresponding values of =-, an

expression now representing the increment of thermic density for each 
foot of ascent, and which it will be convenient to call the coefficient oj 
thermic density.

The last column contains a comparative expression for the increment 
of thermic density, derived from the temperatures observed at the 
highest and lowest stations during the same periods. To obtain it the 
difference between the temperature means of the two stations was mul­ 
tiplied by Regnault's coefficient of the expansion of gases for each degree 
of temperature, and the product, which represents the total difference 
of density at the two stations as dependent on temperature, was divided 
by the number of feet in the difference of altitude.



446 MEASURING HEIGHTS WITH THE BAROMETEK.

TABLE I 

Values of the Thermic Constant, deduced from Cahfornian Observations.

Groups of Observations

Warm half-year, 1872 . . ................

Cold half-year, 1871.. ..... .... .. .... ...

2pm, 1872.. .. ...... .... .. .:..
Mean . . .... - ..... ...

9pm, 1872 ... . ...... 
Mean ...... . ........

Whole year, 1871 ....

Period of two years . .....--..

D

1,356,085

392, 144
411, 949

g9j 457
768, 417

365, 221

478, 066
328, 503

608, 361 
422, 781
497, 354

2
TT

00000 148
00000 461

00000 510
00000 486
00000 498

00000 217

00000 347
00000 548
00000 447

00000 609 
00000 514

00000 329 
00000 473
00000 401

Density 
Increment 

derived from 
Observed 
T empera- 

tnres.

00000 391

00000 527
00000 580

. 00000 553 

00000 603
00000 527 
00000 565

00000 488

00000 504

The most striking feature of the table is the variability of the incre­ 
ment. For the year 1872 it was nearly 50 per cent greater than for' 
1871, and for the warmer half of that year it was three times as great 
as for the corresponding months of 1871. The cold and warm halves of 
1871 gave results strongly contrasted, while for 1872 their results are 
nearly identical.

A second feature of interest is that the increment of density is greater 
at 2 p. m. than at 7 a. in., and is greater at 9 p. m. than at 2. This might 
perhaps have been expected, because the increment is chiefly due to the 
fact that the heat of the atmosphere is received by its lower layers and 
passes upward by convection. The resulting gradation of temperature 
from below upward may be supposed to be heightened during the day 
while the lower layers are being rapidly heated, and diminished during 
the night while the lower layers are losing heat.

Analogous considerations would lead us to expect the summer incre­ 
ment of thermic density to be found greater than the winter; but the 
reverse is true. The mean of two years' observations gives an increment 
in the warm months only three-fifths as great as in the cold. It is pos­ 
sible that this relation is anomalous, being dependent on the exceptional 
climate of the great Cahfornian Valley, in which the lower station is 
situated, but comparative data are wanting.

It is interesting also to note the general correspondence of the two
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columns of increments. The right hand column contains values of the 
upward increment of density due to temperature alone, the values being 
derived from observed temperatures. The left hand column contains 
values of the upward increment of density due to temperature and 
moisture combined, the values being derived from observed pressures. 
The range of values is smaller in the thermometric series than in the 
barometric, but nearly all the irregularities of the latter are copied in 
the former. They agree in giving a larger incremeut in winter than 
in summer, at evening than at morning, in 1872 than in 1871.

But while the two series of results show by their parallelism that 
they have a common basis, they are quantitatively unequal. For each 
section of the data which was computed separately (with a single ex­ 
ception), the thermometric means give a higher value for the increment 
than do the barometric, and in the general mean this difference amounts 
to 12 per cent.

Table II contains the value of the constant and of the density incre­ 
ment computed from the Miesing observations. They are hardly com­ 
parable with the Galifornian results, because they are based on the 
observations of a single week only, and, in the absence of more pre­ 
cise information in regard to the topographic relations of the stations, it 
would be hazardous to draw conclusions from them. It is to be noted, 
however, that they give a decidedly greater value to the increment than 
do the Galifornian observations, and they indicate at the same time a 
greater range of variation dependent on the hour of day.

TABLE II.

Values of the Thermic Constant, computed from Observations on the Miesing in
August, 1857.

Hour

11am .... .. . ................... ......... ...

D

592, 164
474 934
204 284
•297, 022
220, 140
187, 499
179 237
219 6**9

257, 740

274, 375

2 
D

00000 979

00000 911

00000 720

In selecting a value of the constant for incorporation in the formula, 
the result derived from the Californian series of two years was given a 
large weight as compared with the result from the Miesing series of one
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week, and 490,000 feet (almost identical with the California!! value, 
497,354 feet) was adopted. With its substitution the formula (7) reads:

or

The value cannot be regarded as final, but is merely the best at pres­ 
ent attainable. The series of observations on which it is based is far 
from being the series theoretically most desirable, and its guaranty of 
accuracy is not unimpeachable. The great horizontal distance by which 
the stations are separated, and the relative proximity of the lower sta­ 
tion to the ocean, expose the result to the influence of gradients both 
non-periodic and perennial. The limitation of the observations to three 
hours of the day is another imperfection, for although the means of tem­ 
perature readings at the three hours approximate closely to daily means, 
the means of pressure observations do not. Then, too, the leveling by 
which the altitudes of the stations were measured was conducted merely 
for the purposes of the railroad engineer and has presumably only the 
accuracy needed for such work, while the barometric observers at the 
upper stations were the station-agents of a railroad — men previously un­ 
accustomed to such duties. Professor Whitiiey notes moreover that 
there were several breaks in the continuity of the observations, each 
comprising a number of days, which he filled by interpolation.

The formula here deduced (16 or 17) takes account of the logarithmic 
law of density, and of the variations of density dependent on the tem­ 
perature and humidity of the air. In the formulas of Laplace and 
Bessel there are additional terms which afford corrections to the com­ 
puted altitude by taking account of certain variations in the force of 
gravity.

The force of gravity varies with the latitude, and with, the altitude 
of the station, and this variation affects the hypsometric problem in a 
variety of ways. First, it causes equal masses of air at different places 
to have unequal weights. Second, it causes equal masses of air at dif­ 
ferent heights in the same vertical column to have unequal weights; so 
that their pressures on the air beneath them produce a system of den­ 
sities not strictly conformable to the logarithmic law. Third, it causes 
equal masses of mercury to have unequal weights at different places, so 
that the indications of mercurial barometers are subject to local cor­ 
rections.

These variations are by no means inconsiderable. In Guyofs com­ 
putation of the height of Mount Washington above its base, an allowance 
for them modifies the result by 16 feet; and in the computation of the 
height of Pike's Peak above its base, their influence amounts to twice 
as much. Careful consideration was therefore given to them in the con-
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struction of the new formula, and it was not without reason that a cor­ 
rective term was omitted. The warrant for ignoring them lies in the 
fact that they aifect the air column to be measured and the standard air 
column (base line) to which it is referred, in nearly equal degrees, so 
that their influence is approximately eliminated by the use of the stand­ 
ard column in the computation. In the logarithmic term of the formula 
the numerator of the fraction is an approximate measure of the height 
of the new station above the lower base—involving the local eifect of 
the variation m the force of gravity. The denominator is an approxi­ 
mate measure of the height of the base line—likewise involving the local 
effect of the variation. The division of one measure by the other elimi­ 
nates so much of the influence of the variation as is proportional to the 
heights, and in so doing eliminates nearly the whole of it.

The share that is not eliminated has been computed for a few special 
cases and found to be so small that it may be disregarded without ap­ 
preciable error. For all ordinary determinations of altitude it amounts 
to less than one-fourth of a foot, and it will in no practical computation 
attain the magnitude of two feet. It is always less than the 100th part 
of the thermic correction, it never equals the 2,000th part of the computed 
altitude, and it falls far below the ordinary error of instrumentation.

EXAMPLE OF COMPUTATION.

In August, 1872, the mean pressure at Sacramento was 29.879 inches; 
at Colfax, 27.475 inches; and at Summit, 23.336 inches.

The altitude of Summit above Sacramento is 6,989 feet. Required the 
altitude of Colfax above Sacramento.

log I = log 29.879 = 1. 47537 
log n = log 27.475 = 1. 43894 
log u = log 23.336 = 1. 36803

log I — log n = 0.03643 
log I — log « = 0.10734

log 0.03643 = - 2. 56146 
log 0.10734 = - 1. 03076

Difference — — 1.53070 
log B = log 6989 = 3.84441

Sum (log a) = 3.37511
a = 2,372. 0 feet. 

Going to the table with the arguments. 
B = 7,000 and a = 2,300, we obtain + 22. 2 

Interpolation for 7,000 — 6,989 = — 0.1 
Interpolation for 2,372 — 2,300 = +0.3

Total correction, + 22. 4

EequiiBd difference of altitude, 2? 394.4 feet. 
29 G c



450 MEASURING HEIGHTS WITH THE BAROMETER.

In practice nothing is written except the column of figures at the 
right.

When the data are given in inches and thousandths no higher accu­ 
racy is attained by using logarithms of more than five places. The 
value of a has an uncertainty in its tenths, and sometimes in its units, 

1 and this uncertainty affects the final result. It is a function of the limit 
to precision of instrumentation and cannot be avoided by any refine­ 
ment of computation. So long as our instruments record no pressure 
changes smaller than the thousandth part of the barometric inch, we 
only delude ourselves if we consider less than an entire foot in the 
result. The tenths of a foot are given in the table only as an aid to 
the accurate determination of the units. After the completion of the 
computation the tenths are dropped.* -

It may be well to direct attention to the fact that the formula (7, 13, 
or 14) does not require all its quantities to be expressed in terms of the 
same unit. There must be a common nnit for the barometer readings, 
I, u, and n, and a common unit for B and D; but the algebraic relations 
permit these two units to differ from each other. The computed alti­ 
tude, A, will be in terms of the unit employed to express B and I).

*In some of the serial results tabulated iu the following pages, the tenths of feet are 
retained for the sake of their influence on the final mean



CHAPTER III.

COMFABATIVE TESTS.

The fact developed in the last section—that the constant of the for­ 
mula is not a constant of nature, but varies from season to season, and 
even from hour to hour, as well as from place to place—and the uncer­ 
tainty which attaches to the quantity adopted as the expression of its 
average value, may appear to condemn the new method of hypsometry in 
advance. -In reality, however, they do not constitute a serious objection; 
for, in the first place, the uncertainty attaching to the constant affects 
only a correction which in practice is usually small; and, in the second 
place, the natural phenomena of which the uncertainty of the constant 
is an expression, are so intimately associated with the natural phenome­ 
non which renders possible the barometric measurement of heights, that 
no known barometric method escapes their influence. It is on their ac­ 
count and on account of the impossibility of completely eliminating the 
errors of gradient from the problem that the determination of heights by 
means of the barometer must always be a matter of approximation only 
and never of precision. The question to be asked about the new method 
is not whether its application will afford an accurate result, but whether 
it furnishes a closer approximation than other methods without undue 
enhancement of expense. As compared with what may be called the 
ordinary method, the system here proposed involves the outlay necessary 
to establish and maintain two base stations instead of one, and unless it 
can show an advantage in accuracy of result it can have no claim to adop­ 
tion. An attempt has therefore been made to compare it with the best 
methods in use by making parallel series of computations from the same 
records of observations.

The comparison has been necessarily restricted to localities where 
continuous observations were made at two stations differing consider­ 
ably in altitude, which could be regarded as bases; and it has been still 
further controlled by the desire of the writer to contrast computations 
made by the new method, not merely with other computations made by 
himself, but so far as practicable with those made by the advocates of 
other systems. Three series of observations and computations have 
been found to answer the conditions; the first by Williainson, the sec­ 
ond by Whitney, the third by Plantamour; and these will be discussed 
in the order named.

451
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COMPARISON WITH WILLIAMSON'S METHOD.

In 1868 Colonel R. S. Williamson published, under the auspices 
of the Corps of Engineers, United States Army, a treatise'* on the use 
of the barometer for hypsometric purposes, which has served as a 
guide for nearly all the hypsometric work that has since been con­ 
ducted in the United States and still holds place in the front rank of 
barometric manuals. The method of procedure there set forth is espe­ 
cially adapted to reconnaissances and surveys, and, briefly stated, is as 
follows:

A single base station is used, at which the barometer, thermom­ 
eter, and psychrometer are observed at stated hours each day. Itin­ 
erary observers visiting the new stations employ the same instruments, 
and take pains to have each of their observations correspond in time 
with one of the observations at the base station. Series of hourly 
observations are made for a number of days in each month at the 
base station and as frequently as practicable at semi-permanent camps 
of the field parties, the object being to ascertain the nature of the 
diurnal curves of pressure and temperature both at the base station 
and in various portions of the field of survey. In the reduction of 
the results the first step after the application of instrumental cor­ 
rections is to apply what is called a "horary correction" to each of 
the barometric readings. This' correction is derived from the diurnal 
curves of pressure, and theoretically eliminates diurnal gradient. The 
corrected barometer readings for the base station are then plotted upon 
ruled paper so as to exhibit their curve, and all readings shown by 
inspection to be influenced by abrupt and violent atmospheric disturb­ 
ances, such as thunder storms, are discarded, their places being filled 
by interpolation. The computation of altitude is then made by Plant- 
amour's formula, which takes account of both the temperature and 
the moisture of the air at the base and new stations. Instead, however, 
of employing the temperature recorded by the thermometers at the 
hour of barometric measurement, the mean temperature for the day is 
used, being deduced from observations at 7 a. m. and 2 and 9 p. m.; 
and instead of employing the psychrometer readings for the hour of 
barometric observation, the mean of the psychrometric determinations 
for a week or month is substituted.

In the year 1878 Colonel Williamson published the results of a se­ 
ries of comparative computations, in which his hypsometric method 
was contrasted with that of Professor Whitney,t and as a portion 
of these results were derived from stations to which the new method 
is applicable they were selected as the basis for a new comparison. In

*No 15, Professional Papers of the Corps of Engineers, U. S. A. On the Use of the 
Barometer on Surveys and Reconnaissances. By Major R. S. Williamson New York, 
1868.

tOn the Use of the Barometer—being a Compendium without plates of No 15, Pro- 
fesssional Papers of the Corps of Engineers. By Lieut. Col. R. S. Williamson. Wash­ 
ington, 1878.
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Williamson's pnblication the original data are not given, but only the 
results of the computations as exhibited in a table of mean and extreme 
errors; bnt he has courteously furnished the writer a copy of the baro­ 
metric readings and thus enabled him to apply his method of compu­ 
tation to them.

The observations in question were made at the hours of 7 a. m., 2 
p. m., and 9 p. m., during ten days of the month of August, 1860, at 
three stations on the western slope of the Sierra Nevada. The positions 
of the stations, as given by Williamson on page 28 of his Manual, are 
as follows:

Station.

Hope Valley...... -. ........... .... . ...... ............

Latitude.

D '

38 44
38 49
38 47

Longitude.

O 1

120 46
120 07
119 54

Altitude

Feet. 
1,965
6,707
7,072

Prom these data were deduced the following:

Stations. Distance.

Miles. 
35
46
12

Difference 
of Altitude

Feet. 
3,742
5,107
1,365

These differences in altitude-appear not to have been determined by 
the aid of the spirit level, but only by computations from the means of 
a large number of barometric observations. The errors found by WiU- 
iamson in his computations from single pairs of observations are not 
to be regarded as absolute errors but rather as wanderings from the 
mean of many determinations, and therefore, in recomputing the alti­ 
tudes and making a table of the errors incurred by the new system, I 
have compared each individual determination with the mean of its own 
series, instead of taking Williamson's mean determination as a standard. 
It would, of course, afford a better test of the comparative value of the 
two methods if the result of each individual computation were compared 
with an accurately-ascertained, authoritative value of the difference in 
altitude; but, in the absence of such a standard, the only practicable 
criterion of comparison is the internal harmony of the several series 
of results. A method which, on successive trials, gives nearly the 
same result is manifestly preferable to one which gives widely different 
results.

In the preparation of the observations for the application of the new 
formula no correction was made for the diurnal oscillation of the barom­ 
eter, and, with a single exception, the readings were used with no 
modification other than the usual corrections for the temperatures and
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index errors of the instruments. The exceptional case is that of the ob­ 
servation made at Strawberry Valley on the 17th of August, at 2 p. m., 
while a thunder storm was in progress. For this an interpolated reading 
was substituted.

Having three equally continuous series of observations, it was evi­ 
dently possible to regard each of the three stations in turn as the new 
station and the other two as base stations, and this was accordingly 
done. The air column comprised between Placerville and Hope Valley, 
assumed to have a height of 5,107 feet, was first taken as a base line, 
and from it the altitude of the intermediate station, Strawberry Valley, 
was computed. Under the new method it is a matter of indifference 
whether the space between the new station and the upper base, or that 
between the new station and the lower base, is the quantity sought. 
But it is not so with Williamson's method, and a comparison is there 
fore made both with his determination of the difference in altitude be 
tween Placerville and Strawberry Valley and with his determination of 
the difference between Strawberry Valley and Hope Valley.

Table III exhibits the data for the computation, and the results. The 
first column shows the hours of observation; the next three give the 
synchronous readings of the barometer at the three stations; the fifth 
column contains the several determinations of the difference in altitude 
of the stations in Hope Valley and Strawberry Valley, and the seventh 
the corresponding determinations of the difference in altitude of the 
stations in Strawberry Valley and Placerville. The numbers in the 
sixth column were obtained by subtracting the mean of the numbers 
in the fifth from each of them, and exhibit the deviations of the in­ 
dividual results from the mean. It will be convenient to distinguish 
such deviations by the title ''residual", reserving the word "error" to 
designate deviations from an absolute standard. The numbers of the 
eighth column are derived from those of the seventh in a similar manner. 
In the line beneath the columns their arithmetic means, taken regardless 
of sign, are given, and the numbers opposite the word "range" are 
derived in each case by adding the largest residual with the plus sign 
to the largest residual with the minus sign.

Strawberry Valley and Placerville were next taken as base stations, 
and from them the altitude of Hope Valley was computed. The assumed 
height of the base line was 3,742 feet, that being the altitude of Straw­ 
berry Valley above Placerville as given by Williamson; but it must be 
borne in mind that this quantity was itself determined by the use of the 
barometer, and is therefore presumably only approximate. Whatever 
error it involves must inhere in all results derived from it, affecting 
them all alike.

Hope Valley and Strawberry Valley were then taken as base stations, 
with an assumed difference of altitude of 1,365 feet, and from them the 
relative altitude of Placerville was computed. In the preceding case the
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base line was nearly three times as long as the height determined by 
means of it; in this case the relations are reversed, the base line having 
scarcely more than one-third the magnitude of the distance computed.

TABLE III

Differences of Altitude computed by New Method from Single Sets of Observations • 
New Station intermediate between Bases.

Day and Hoar of Observa­ 
tion, 1860

Aug 11 — 7 am . . . .
2pm.. . ..
9pm .... ..

Aug 12 — 7 am . . . . .
2 p. m .... . .
9 p. m ...

Aug 13 — 7 am .... ....
2pm
9p m ......

Aug 14— 7a.m . ...
2pm... . ..
9 p. m .....

Aug. 15 — 7 a. m . . ...
2pm ....*...
9pm..

Aug 16 — 7 am...
2 p m. .... .
9pm...

Aug 17 — 7 am
2pm
9pm..

Aug 18 — 7 am ...
2pm..
9pm

Aug 19 — 7 a. m ...
2pm
9pm . . . .

Aug 20 — 7 a. m . . .....
2pm .. ...
9pm .... ......

Barometer Headings *

Placer, 
ville

Inches
28 009

017
27. 985

944
- 958

. .894
.903
861

.812
826
823

.819
830
852
875
888
877

.861
865
820

.831
882
855
869
914
925
941

28.016
021
023

Straw­ 
berry 

Valley

Inches
24 597

562
544
471
446
440
446

.401
406
387

.387
420
438
430
483
493
473
494
485

[465]
460
474

.488
469
497
477
532
579
570
612

Hope 
Valley

Inches
23 417

.381
375
277
261
242

.255
230
222
214
202
240
290
291
320
356
324
333
354
819
313

.315
341
316
334
323
356
395
389
420

Mean .... - - ---- -. ............ .. ... . .-
Range . . . ... ..... .... ... . . . . .........

Comparative results from Williamson
Mean - ... . ... . .. ..... . ... .........
Eange - ... . ... .... ...... ......!:. .- .........

Hope Valley and 
Strawberry Valley

Alt

Feet
1,391 7
1, 380 8
1,374 0
1, 387 6
1, 369 1
1, 396. 3
1, 389 2
1, 371. 2
1, 397 5
1,378 7
1, 390 1
1, 395 8
1, 369 3
1,353 0
1, 382 5
1, 358 5
1, 366 8
1, 387 7
1, 357 3
1, 377 9
1, 374 3
1, 374 6
1, 375. 3
1, 371 4
1, 375 3
1, 359 2
1, 389 1
1, 388 2
1, 381 8
1, 402 4

1, 378 9

1, 368 6

Kesid

Feet
+ 12 8
+ 1 9
— 4 9
+ 87
— 9 8
+ 17 4
+ 10 3
- 7.7
+ 18 6
— 0 2
+ 11 2
+ 16 9
— 9 6
— 25 9
+ 36
— 20 4
— 12 1
+ 88
— 21 6
- 1 0
— 4 6
— 4 3
— 3 6
— 7 5
— 3 6
— 19 7
+ 10 2
-t- 93
+ 29
+ 23 5

10 4
49 4

21 0
90 2

Stiawberry Valley 
and Plaoerville

Alt

Feet
3, 715 3
3, 726 2
3, 733 0
3, 719 4
3, 737 9
3, 710 7
3, 717 8
3, 735 8
3, 709 5
3, 728, 3
3,716 9
3, 711 2
3,737 7
3,754 0
3,724 5
3, 748 5
3, 740 2
3,719 3
3, 749. 7
3, 729 1
3, 732 7
3, 732. 4
3,731 7
3, 735 6
3, 731. 7
3, 747 8
3, 717 9
3, 718 8
3, 725 2
3, 704 6

3, 728 1

3,731 6

Kesid

Feet.
— 12 8
— 1.9
+ 49
— 8 7
+ 98
— 17 4
— 10 3
+ 7 7
— 18 b
+ 02
— 11.2
— 16 9
+ 96
+ 25 9
— 3 6
+ 20 4
+ 12 1
— 8 8
+ 21 6
+ 10
+ 40
+ 43
+ 36
+ 7.5
+ 36
+ 19 7
— 10 2
— 9 3
—'29

— 23 5

10 4
49 4

20 1
194 5

* The barometer readings are from a manuscript copy of the original records fur­ 
nished by Colonel Wilhamson, and are corrected for index error and temperature of 
instrument. The bracketed reading is interpolated. The comparative results in the 
lower line ore derived from page 49 of his Compendium
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The results of the former series of computations appear in the second 
and third columns of Table IV; those of the latter series in the fourth
and fifth columns.

TABLE IV.
Differences of Altitude Computed by New Method from Single Sets of Observations; 

New Station not intermediate between Base Stations

Day and Hour of Observation. 1860.

Comparative results from Willlanisou-

Hope Valley and 
Strawberry Valley

Alt.

Feet 
1, 401 7 
1,386 7 
1,377.4 
1, 396 0 
1, 370 7 
1,407.9 
1,398 2 
1, 373 6 
1,409 6 
1,383 8 
1,399 5 
1,407 2 
1,370.9 
1,348.6 
1, 389 1 
1, 356. 1 
1, 367 5 ' 
1, 396 2 
1,354 4 
3,382 7 
1, 377. 8 
1, 378 1 
1, 379 1 
1, 373 8 
1, 379. 4 
1,357 1 

" 1, 398 1 
1, 396. 9 
1, 388. 1 
1,416 2

1,384 1

1, 368 6

Kesid

Feet. 
+ 17 6 
+ 26 
— 6 7 
+ 11 9 
- 13.4 
+ 23 8 
+ 141 
— 10 5 
+ 25 5 
— 0 3 
+ 15 4 
+ 23.1 
— 13 2 
— 35 5 
+ 50 
— 28.0 
— 16 6 
+ 12 1 
— 29 7 
— 1 4 
— 6 3 
— 8 0 
— 5 0 
— 10 3 
— 4 7 
— 27 0 
+ 14 0 
+ 12 8 
+ 40 
+ 32 1

14 3 
67 6

21 0 
90 2

Strawberry Valley and 
Placerville

Alt

Feet 
3, 643. 7 
3,683 0 
3,708.4 
3, 658. 2 
3, 726 7 
3,627 2 
3, 052 5 
3,718 5 
3, C22 8 
3,709 8 
3,649 3 
3, 029 3 
3,726 0 
3,787 8 
3, 076 3 
3, 767 0 
3,735 5 
3, 658 0 
3,771 8 
3,694 0 
3,707 6 
3,706 6 
3, 703 8 
3, 717 8 
3,702 9 
3, 764. 1 
3, 652 8 
3, 656 1 
3, 679 2 
3,605 9

3,691 4

3, 731 6

Redd.

Feet. 
— 47 7 
— 8 4 
+ 17.0 
— 33 2 
+ 35 3 
— 64 2 
— 38 9 
-f 27 1 
— 68 8 
+ 18 4 
— 42 1 
— 62 1 
+ 34 6 
-f 98 4 
— 15 1 
+ 75 6 
+ 44 1 
— 33 4 
+ 80 4 
+ 2 6 
+ 18 2 
+ 15 2 
+ 12 4 
+ 26 4 
+ 11 5 
+ 72 7 

38 8
— 35 3 
— 12 2 
— 85 5

39 0 
181.9

20.1 
194 5

Besides the results from the reduction of these August observations, 
Colonel Williamson has published a series of altitudes involving the 
same stations, based upon daily means of observations. They were not 
computed for the purpose of a comparative test, nor did he apply to 
them the formula published in his volume and of which he recommends 
the use. He applied, however, the formula of Guyot, which differs 
chiefly in failing to take separate account of the humidity of the atmos-
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phere, and affords nearly the same results when applied to the means of 
daily sets of observations. His publication includes the observations 
as well as the computed altitudes, and selecting from them the series for 
July and January, I have made comparative computations of altitude 
by the method of two bases, hoping thereby to illustrate still further 
the relative value of the new method, and especially to ascertain 
whether its results are affected like those of other methods by varia­ 
tions depending upon the season of year. The results of the computa­ 
tions are given in Tables V, VI, VII, and VIII, where they are arranged 
side by side with those of Williamson.

TABLE V.
'Differences of Altitude Computed from Daily Means.

Valley. July, 1860.
Hope Valley and Strawberry

Day of Mouth.

1........................
2 .. ....... ...........
3. ........... ..........
4 ........... .. ... ...
5........ ... ...........
6. .......... .. ... . -.
7. .. ....... .. ... -.
8. ....... .. . .... ....
9 ...... ..... . .. ...

11 .. ....... .... .. ..
12. ...... ..............
13. .. ... ...............
14..... .. .......... ....
15.... ... .... ...... ...
16. .. ........ ...... ..
17........ ................
18. .. .... .. .. ........
19. .............. ... ....
20. .. ... ....... ... ....
21........ ... ............
22.... .. ... .... . ..
23.................... ....
24.... ........... ... ....
25..... .. .. ....... ...
26. ...... ... - .... ..
27...... ....... .. .......
28......... .. . . .......
29.............. ..... ..
30 ........ .. .. ... ..
31.............. . ... ..

By Williamson, with 
Guy ot's Formula.

Alt

Feet 
1,381 
1,384 
1,386 
1,383 
1,385 
1,387 
1,378 
1,403 
1,415 
1,405 
1,390 
1,396 
1,400 
1,397 
1,899 
1,385 
1,383 
1,407 
1,390 
1,391 
1,380 
1,392 
1,391 
1,372 
1,365 
1,344 
1,367 
1,377 
1,391 
1,384 
1,386

1,387

Resid.

Feet. 
— 5 
— 3 
— 1 
— 4 
— 2 

0 
— 9 
+ 16 
+ 28 
+ 18 
+ 4 
+ 9 
+ 13 
+ 10 
+ 12 
— 2 
— 4 
+ 20 
+ 3 
+ 4 
— 7 
+ 5 
+ 4 
— 14 
— 22 
— 43 
— 20 
— 10
+ * 
— 3
— i

10 
71

By New Method, from —

Hope Valley and Pla- 
cerville

Alt

Feet. 
1, 374 3 
1, 378 7 
1, 378 4 
1,374 5 
1, 378. 8 
1,386 4 
1, 378 2 
1, 396 4 
1, 393 2 
1, 371. 4 
1, 375. 8 
1, 379 9 
1, 382 2 
1, 386 8 
1, 388 4 
1,382 6 
1,384.5 
1, 392 0 
1, 385 9 
1, 386 0 
1, 380. 0 
1,383 1 
1, 387 1 
1, 371. 8 
1, 369. 7 
1, 351. 1 
1, 380 4 
1, 391. 0 
1,396.4 
1, 399. 4 
1, 305 5

1, 382. 6

Besid

Feet. 
— 8 3 
— 3 9 
— 4 2 
— 8 1 
— 3 8 
+ 38 
— 4 4 
+ 13 8 
+ 10 6 
— 11.2 
— 6.8 
— 2 7 
— 0.4 
+ 42 
+ 58 

0 0 
+ 19 
+ 94 
+ 3.3 
+ 34 
— 2 6 
+ 05 
+ 45 
— 10 8 
— 12 9 
— 31.5 
— 2 2 
+ 84 
+ 13 8 
+ 16 8 
+ 12 9

7 3 
48 3

Strawberry Valley and 
Placerville

Alt

Feet 
1, 377 7 
1, 383 8 
1, 383 4 
1, 378 0 
1, 383 9 
1,394 4 
1, 383 1 
1,408 1 
1,403 6 
1, 373 9 
1, 379 8 
1,385 5 
1,388 7 
1,394 9 
1,397 0 
1, 389. 3 
1, 391. 8 
1, 402 1 
1, 393 7 
1, 393 8 
1,385 G 
1, 389 9 
1, 395 4 
1, 374 4 
1,371 5 
1,345 9 
1, 380. 1 
1,400 8 
1,408 1 
1,412.3 
1,406 8

1,389 1

Besid.

Feet 
— 11 4 
— 5 3 
— 5 7 
— 11 1 
- 52 
+ 53 
— 6.0 
+ 19 0 
+ 14 5 
— 15.2 
— 9 3 
— 3 6 
— 04 
+ 58 
+ 79 
+ 0.2 
+ 27 
+ 13 0 
+ 4.6 
+ 47 
— 3 5 
+ 0.8 
+ 63 
- 147 
— 17 6 
— 43 2 
— 3.0 
+ 11 7 
+ 19 0 
+ 23.2 
+ 17 7

10.1 
66 4
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TABLE VI.

Differences of Altitude Computed from Daily Means. Strawberry Valley and Placer-
•nlle. July, 1860.

Day of Month.

1 ...... .... ... .. .
2 .... ..... ... .. -.
3. ..... ........ .. .-
4 ..... .... .

6 ............ . . .
7 .... ... . .
8 .... .... . ...
9 ..... . .. . .....

10- ..... ... 
11. .......... . . ..
12. . . .... 
13 . .. ..... . .. --
14 ... . ... .. .. . 
15 ........... .. .. .
16 .. ..... . .. ..
17. ..... .... ..
18 .......... -.. . ..
19 . .. ..... . .
20. . ... ..
21... .. .... ...
22. ... .... .. ..
23..... . ... ..

25 . ..... .. . .. 
26 ... .... .. 
27 . .... 
28 ...... ... .. ..
29. .... . ..... .. ...
30....... .... . . 
81 .... . ... .. ... --

By Williamson, with 
Gnyot's Formnla

Alt.

Feet. 
3,782 
3,761 
3,760 
3,775 
3,754 
3,752 
3,761 
3,765 
3,789 
3,827 
3,781 
3,794 
3,783 
3,758 
3,760 
3,747 
3,742 
3,764 
3,758 
3,760 
3,742 
3,755 
3,740 
3,748 
3,756 
3,763 
3,730 
3,714 
3,734 
3,718 
3,725

• 3,758

Beaid

Feet. 
+ 24 
+ 3 
+ 2 
+ 17 
— 4 
— 6 
+ 3 
+ 7 
+ 31 
+ 69 
+ 23 
+ 36 
+ 25 

0 
+ 2 
— 11 
- 16 
+ 6 

0 
+ 2 
— 16 
— 3 
— 18 
— 10 
— 2 
+ 5 
— 28 
— 44 
— 24 
— 40 
— 33

16 
113

By New Method, from —

Hope Valley and Pla- 
cerviile

Alt.

Feet, 
3, 732 7 
3, 728 3 
3, 728. 6 
3, 732. 5 
3,728.2 
3, 720 6 
3,728.8 
3, 710. 6 
3, 713 8 
3, 735 6 
3, 731. 2 
3,727.1 
3,724 8 
3, 720. 2 
3, 718 6 
3, 724 4 
3, 722 5 
3, 715 0 
3, 721 1 
3, 721. 0 
3, 727 0 
3, 723. 9 
3, 719. 9 
3, 735 2 
3,737 3 
3, 755. 9 
3, 726. 6 
3, 716. 0 
3, 710. 6 
3, 707. 6 
3, 711. 5

3,724.4

Besid.

Feet 
+ 8.3 
+ 39 
+ 42 
+ 8.1 
+ 38 
— 3.8 
+ 4.4 
— 13 8 
— 10.6 
+ 11.2 
+ 68 
+ 27 
+ 04 
- 4 2 
- 5 8 

0 0 
- 1 9 
- 9.4 
- 3 3 
— 3 4 
+ 26 
- 0.5 
- 4 5 
+ 10 8 
+ 12.9 
+ 31.5 
+ 22 
- 8 4 
— 13.8 
— 16 8 
— 12 9

7.3 
48.3

Hope Valley and Straw­ 
berry Valley.

Alt

Feet 
3, 707. 5 
3, 691. 0 
3,692 3 
3,688.0 
3, 690. 5 
3, 662 4 
3,693 0 
3, 627 0 
3,638 4 
3, 717. 8 
3, 701. 8 
3, C86. 5 
3, 677. 8 
3, 661. 0 
3, C55. 2 
3, 676. 4 
3, 669. 6 
3, 642 2 
3,664.3 
3,664 0 
3,686 2 
3, 674 5 
3,660 1 
3,716 3 
3,724 3 
3, 795 0 
3, 684 6 
3,646 3 
3, 626. 9 
3,616 2 
3,630 0

3, 676. 4

Resid

Feet. 
+ 31.1 
+ 14.6 
+ 15.9 
+ 11.6 
+ 14.1 
— 14 0 
+ 16.6 
— 49.4 
— 33.0 
+ 41.4 
+ 25 4 
+ 10 1 
+ 1.4 
— 15.4 
— 21.2 

0.0 
— 6.8 
— 34 2 
— 12.1 
— 12.4 
+ 98 
— 1.9 
— 16 3 
+ 39 9 
+ 47.9 
+118 6 
+ 32 
— 30.1 
— 49 5 
— 60 2 
— 46.4

26 3 
178 8
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TABLE VII.

Differences of Altitude Computed from Daily Means.
Valley. January, 1864.

Hope Valley and Strawberry

Day of Month

1 .......... .... .. .
2 ..... .. .. ..........
3............. .. ....
4 ... . ... ... -. .-
5 .. .. .. .. .. ...
6 .... 
7 .. .. .. ... .. ..
g

10 .... .. 
11 .. .. .. ... . . 
12 ... . 
13 . ... ... 
14 .. ... -- - .- 
15 ...... . .. .. 
16 .. . .. .. .. ...
17 . ..... .. ... 
18
19 .... . . 
20 .... .- "-. - -.-

?2

23 .. ... . .. ....
24 .... ... . .. ......
25 .. .. .. . .... 
26 .. ...... ....
27 .... ... . .
28 .- -. .... .. . 
29 .. . . ..... 
30 .. .... ..... . .. .
31. .. ...... .. .. .....

Mean .. .. ... .. .

By Williamson, with 
Gnyot's Formula.

Alt.

Feet. 
1,349 
1,396 
1,393 
1,374 
1,313 
1,350 
1,350 
1,321 
1,289 
1,328 
1,38s 
1,370 
1,372 
1,395 
1,374 
1,300 
1,315 
1,324 
1,802 
1,321 
1,320 
1,321 
1,250 
1,278 
1,311 
1,351 
1,357 
1,362 
1,401 
1,383 
1,368

1,343

Kesid

Feet 
+ 6 
+ 53 
+ 50 
+ 31 
- 29 
+ 7 
+ 7 
- 22 
- 54 
- 15 
+ 45 
+ 27 
+ 29 
+ 52 
+ 31 
- 42 
- 27 
- 18 
- 41 
- 22 
- 22 
- 22 
- 93 
- 65 
- 32 
+ 8 
+ 14 
+ 19 
+ 58 
+ 40 
+ 25

33 
151

By New Method, from—

Hope Valley and Pla- 
oennlle

Alt

Ftet. 
1, 359 2 
1, 388. 2 
1, 387. 2 
1, 373 1 
1,347 8 
1, 364. 3 
1,366 1 
1,354 8 
1,334.0 
1, 355 6 
1, 379 9 
1, 368 1 
1, 370 9 
1,384 1 
1, 376. 2 
1,348 5 
1,354 6 
1, 363 3 
1, 355 5 
1, 366 5 
1, 361 0 
1,345 6 
1.317 2 
1, 333 1 
1, 350. 6 
1, 366 8 
1,359 8 
1, 367. 1 
1,3944 
1, 382 3 
1, 371. 7

1, 362. 8

Reaul

Feet 
- 3 6
+ 25 4 
+ 24.4 
+ 10 3 
- 15 0 
+ 1.5 
+ 33 
- 8 0 
- 28.8 
- 7~2 
+ 17 1 
+ 53 
+ 81 
+ 21 3 
+ 13 4 
- 14 3 
- 8 2 
+ 05 
- 7 3 
+ 37 
- 1 8 
- 17.2 
- 45 6 
- 29 7 
- 12.2 
+ 40 
- 3 0 
+ 43 
+ 31.6 
+ 19 5 
+ 89

13 0
77.2

Strawberry Valley and 
Plaoemlle

Alt.

Feet 
1, 357 1 
1, 396 9 
1, 395 5 
1, 376 2 
1,341 4 
1, 364. 1 
1, .)CO 5 
1, 351 0 
1,322 4 
1,352 1 
1, 385 5 
1, 369 3 
1,373 1 
1,391 2 
1,380 3 
1,342 S 
1, 350 8 
1, 362 8 
1,352 0 
1,367 1 
1,359 5 
1, 338 4 
1,299 4 
1, 321 2 
1, 345 2 
1 367 5 
1, 357 9 
1, 367. 9 
1,405 3 
1, 388 8 
1,374 3

1, 362. 0

Reaid.

Feet 
- 4 9 
+ 34.9 
+ 33_5 
+ U2 
- 20 6 
+ 21 
+ 45 
- 11 0 
- 39 6 
- 9 9 
+ 23 5 
+ 73 
+ 11 1 
+ 29 2 
+ 18 3 
- 19 7 

"- 11.2 
+ 08 
- 10 0 
+ 51 
- 2 5 
- 23 6 
- 62.6 
- 40.8 
- 16.8 
+ 55 
- 4 1 
+ 5.9 
+ 43 3 
+ 26 8 
+ 12.3

17 9 
105.9



460 MEASUBING HEIGHTS WITH THE BAROMETER.
I

TABLE VIII.

Differences of Altitude Computed from Daily Means. Strawberry Valley and Plaoer-
ville. January, 1864.

Day of Month

1 ............ .. ......
2 ................ ......
3 ........... .. .........
4. ............. .........
5 ......... ...... .....
6 ..... ...... ... ......
7 .............. .. ......
g
9 ............. .. ......

11 ........ ... .. .....
12. ........ ... ... ....
13 . ... .. ... .. .....
H ......... ... ... ....
15. ........ .. ... .....
16 .......... .. ... ......
17. ............ ... .....
18 ..... .. ... ... ...
19. ..... ..... ... ......
20 ......... .. .... ...
21 .... .. .. ... ......
22 ..... ... .. .. ....
23 ..... .. ....... ....
24 . ............... ......
25 ...... ....... ... ...
26 ...... .... .. .. ..
27. ..... ...... ......
28. ..... .. .. .. ....
29....... ......
30 ..... . .... .
31 ...... .. ... .... . ...

By WiUiamaon, with 
Guyot's Formula

Alt.

Feet 
3,725 
3,763 
3,771 
3,777 
3,751 
3,744 
3,733 
3,720 
3,714 
3,721 
3,761 
3,742 
3,759 
3,769 
3,759 
3,689 
3,679 
3,669 
3,646 
3,659 
3,677 
3,712 
3,651 
3,671 
3,694 
3,721 
3,769 
3,753 
3,776 
3,784 
3,772

3,727

Kesid

Feet 
- 1 
+ 36 
+ 44 
+ 50 
+ 24 
+ 17 
+ 6 
- 7 
- 12 
- 6 
+ 34 
+ 15 
+ 32 
+ 43 
+ 32 
- 38 
- 47 
- 58 
- 81 
- 67 
- 60 
- 15 
- 76 
- 66 
- 33 
- 5 
+ 42 
+ 27 
+ 49 
+ 57 
+ 45

36 
138

By New Method, from —

Hope Valley and Pla- 
cerville

Alt

Feet. 
3, 747 8 
3, 718 8 
3, 719 8 
3, 733 9 
3, 759. 2 
3, 742 7 
3,740 9 
3, 752 2 
3, 773. 0 
3, 751 4 
3,727 1 
3, 738. 9 
3, 736 1 
3, 722 9 
3, 730 8 
3, 158. 5 
3, 752 4 
3,743 7 
3, 751. 5 
3, 740 5 
3, 746 0 
3, 761 4 
3, 789. 8 
3, 773 9 
3, 756. 4 
3, 740 2 
3, 747 2 
3, 739 9 
3, 712 6 
3,724 7 
3, 735. 3

3,744 2

Kesid

Feet 
+ 3.6 
- 25 4 
- 24 4 
- 10.3 
+ 15 0 
- 1 5
- as
+ 80 
+ 28 8 
+ 72 
- 17 1 
- 5 3 
- 8.1 
- 21.3 
- 13 4 
+ 14 3 
+ 8.2 
- 0 5 
+ 73 
- 3 7 
+ 18 
+ 17 2 
+ 45.6 
+ 29 7 
+ 12 2 
- 4.0 
+ 30 
- 4 3 
- 31 6 
- 19 5 
- 8 9

13 0
77 2

Hopo Valley and Straw­ 
berry Valley

Alt

Feet. 
3,764 2 
3, 656. 0 
3,659 7 
3,711.6 
3, 807 7 
3, 744. 4 
3,738 1 
3,781 0 
3,861 5 
3, 778 0 
3, 686 6 
3,730.5 
3, 719 8 
3,671 0 
3, 700 5 
3,805 0 
3,781 8 
3, 748 3 
3, 778. 5 
3, 736 6 
3, 757. 1 
3, 815 4 
3, 928 3 
3, 865 0 
3, 707 0 
3, 735 5 
3,761 8 
3, 734 3 
3, 634 2 
3, 677 4 
3,717 0

3, 761. 1

Kesid

Feet 
— 13,1 
- 95 1 
- 91.4 
- 39.5 
+ 56.6 
- 6.7 
- 13 0 
+ 2D 9 
+ 110.4 
+ 26 9 
- 64 5 
- 20 6 
- 31 3 
- 80.1 
- 50 6 
+ 53 9 
+ 30.7 
- 28 
+ 27 4 
- 14 5 
+ 60 
+ 64.3 
+ 177 2 
+ 113 9 
+ 46 9 
- 15 6 
+ 10 7 
- 16 8 
- 116.9 
- 73 7 
- 34 1

49 5 
294.1

In Tables V and VI the results for July appear; in Tables VII and 
VIII the results for January. Tables V and VII give determinations 
of the height of Hope Valley above Strawberry Valley; Tables VI and 
VIII of the height of Strawberry Valley above Placerville. In each 
table Williamson's values appear at the left and are succeeded, first, 
by the values computed from the base line given by Hope Valley and 
Placerville, and, second, by the values computed from a shorter base.

A selection from the same results is graphically exhibited in the curves 
of Plates LIV and LV.
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H

s

It has been proposed to designate the height of the air column in­ 
cluded between the two base stations as the "vertical base", or the 
"base line". It will be convenient to add a parallel term and call the 
height of the air column included between the new station and that 

base station to which it is referred, the new line. If we repre­ 
sent by the positions of the letters H, S, and P of the diagram, 
the vertical relations of the stations in Hope Valley, Strawberry 
Valley, and Placerville, then when Hope Valley and Placervillc 
are used as base stations, the line H P becomes the base line, and 
either H S or S P the new line. When H S is taken as the base 
line and H P or S P is the new line, it is evident that every error 
which affects the barometric reading at H or S, and thereby 
affects the approximate determination of the base line H S, must 
appear iu a magnified form in the corresponding determination of 
the new line; but when the new line is shorter than the base line 
the reverse holds true, and errors affecting the base line produce 
relatively small errors in the determination of the new line. The 
most favorable circumstances for the application of the method 
are therefore those in which the base line is greater than the new 
line, and this is always the case when the new station is interme­ 
diate in altitude between the two bases.

It will be proper, therefore, in making a general comparison of results, 
to distinguish those cases in which the new line is shorter than the base 
line from the less favorable cases in which it is longer.

In Table IX the results of Williamson's computations are compared 
with the best results by the new method—that is, with those obtained by 
the employment of a base line longer than the new line.

By the new method the same degree of accuracy, and indeed the same 
result, is obtained by regarding either H S or S P as the new line; but 
by Williamson's method the case is different, and two columns are 
therefore given for his results, the first for the case in which the compu­ 
ted height is about 1,365 feet, and the second for the case in which it is 
about 3,742 feet.

Two measures of precision are also indicated, the range of variation, 
and the mean of residuals, or the average residual.. It goes without 
saying that a poor method will ordinarily exhibit a- greater difference 
between its extreme results than a good one; but since extreme results 
are sometimes due to accidents altogether anomalous and exceptional, the 
rule does not invariably hold true. The arithmetic mean of residuals 
is a better criterion, for the amount of error'or variation which by ex­ 
periment is found to accrue on the average is a measure of the amount 
to be anticipated in future applications of the same method. In this 
case it happens that the general indication is the same by either cri­ 
terion.
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TABLE IX.

Comparison of Results for the case of a New Station intermediate in Altitude between
two Base Stations.

Observations

Thirty Individual Hours m August, 1860

Daily Means for January, 1864 . . .

Range of Computed Results

By Williamson.

Computed Height

1,365 feet

Feet 
90 
71 

151

3,742 feet

Feet 
194 
113 
138

1 00

By New 
Method

Feet. 
49
48 
77

47

Average Deviation of Individ­ 
ual Results from tlie Mean,

By Wilkamson

Computed Height

1,365 feet

Feet 
21 
10 
33

3,742 feet

Feet 
20 
16 
36

1 00

By New 
Method.

Feet 
10 

7 
13

47

The ratios at the bottom of the table were derived by first taking the 
corresponding ratios in each line and then deducing their means. They 
indicate that by the application of the new method under favorable 
conditions the variation of results among themselves is reduced one- 
half, and they warrant the presumption that there is an absolute dimi­ 
nution of hypsomet ric error by the same amount. In the absence of an 
absolute standard, and so long as the individual computed altitudes 
can only be compared with a mean, of altitudes barometrically deter­ 
mined, it is impossible to say that there are no constant errors which 
fail to be eliminated; but so far as the evidence goes it points to the 
advantage of the additional base station.

Turning now to the less favorable case in which the new station is 
not intermediate between the two bases, we find a less favorable result. 
With the line S P as a base, we might regard either H P or H S as 
the new line, but since Colonel Williamson has computed values for the 
shorter only of these lines, our comparison is necessarily restricted to 
that.

Table X gives first the results obtained by Williamson for the line H S, 
and compares with them the results by the new method, the line S P be­ 
ing used as a base. It then gives the results obtained by Williamson 
for the line S P, and contrasts them with results by the new method, 
the line H S being used as a base. The second case is manifestly the 
less favorable for the new method, because it determines a long new 
line from a short base line, and this difference is strikingly exhibited 
by the numerical ratios. With a relatively long base line the new 
method diminishes the mean residual one-fourth; with a relatively short 
base line it increases it two-thirds. We may therefore say without hesi­ 
tation that the new method should not be applied to new stations falling 
outside the base line and separated from its nearest extremity by a
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vertical space greatly exceeding the length of the base line. And we 
may further say that for all stations falling outside the t>ase line the 
advantage of the new method is less than for stations between the 
bases. The data are too meager, however, to enable us to indicate the 
precise ratio of new line to base line at which the applicability of the
method finds its limit.

TABLK X
Comparison of Results for the case of a New Station not intermediate in Altitude be­ 

tween two Base Stations

Observations

Thirty Individual Hours in Aug ,
1860

Daily Means for July, 1860 . .
Daily Means for January, 1864 .

Range of Computed Results

Computed 
Height, 1,365 ft

By Wllllamson

Feet
90

71
151

1.00

By New Method, 
base = 3,742 feet

Feet,
68

66
106

Computed
Height, 3, 742 ft

By Wilhamson

Feet
194

113
138

.80 I 1 00

By Dew Method , 
base = 1,365 feet

Feet
182

179
294

1.55

Average Deviation of Individual 
Results from the Mean

Computed 
Height, 1,365ft

By Williamson

Feet
21

10
33

1.00

By New Method, T»se = 3,742ieet.

Feet
14

10
18

.74

Computed 
Height, 3, 742 ft

By Wilhamson

Feet
20

16
36

1.00

By N"ew Method, base = 1,365 feet.

Feet
39

26
50

1 66

It should be noted that in this comparison computation by the old 
method is made only of the distance between the new station and that 
base station lying nearest to it. Undoubtedly if we were able to ex­ 
amine results in which the more remote base station was the one used, 
the old method would appear to less advantage.

Yet another interesting comparison is afforded by the computations. 
It has been pointed out by many investigators that the results obtained 
in winter are different from those obtained in summer, being for some 
localities relatively high and for others relatively low. If these dis­ 
crepancies depend upon the difficulty of determining the temperature 
of the air column by means of the thermometer, then theoretically they 
should be eliminated by the new method, and approximately the same 
mean results should be obtained at all times of the year—provided, al­ 
ways, the stations are so situated that the element of gradient does not 
largely enter. The stations in this case are so widely separated that 
the influence of gradient undoubtedly affects all the results, but it is 
nevertheless interesting to make the comparison. For this purpose the 
means of all the computed altitudes are assembled in Table XL The 
second column gives the results for the period from August 11 to August 
20, 1860; the third for the month of July, 1860; the fourth for the 
month of January, 1864. The remaining columns show the means of
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the quantities in these three and their range. The upper division of 
the table is devoted to determinations of the altitude of Hope Valley 
above Strawberry Valley, and the lower to determinations of the alti­ 
tude of Strawberry Valley above Placerville, each giving, first, the de­ 
termination by Williainson, second, the determination by the new method 
applied with the new station intermediate between the two bases, and 
third, the determination by the new- method applied with the new sta­ 
tion outside the space included by the bases. Here, again, the superior­ 
ity of the new method, when favorably conditioned, is shown. The 
determinations of the middle station, obtained by referring it to the 
highest and lowest as bases, have a range in the three months of only 
20 feet, while Williamson's determinations show a range of 44 feet 
when the upper station is taken as the base, and of 31 feet when the 
lower is taken. Here too the most discordant determinations of all are 
those obtained by the new method when the new line is longer than the 
base line and lies entirely without it: the results of the computation 
of Placerville from Strawberry Valley and Hope Valley exhibit a range
of 75 feet.

TABLE XI.
Comparison of Means of Altitude Determinations.

Hope Valley and Strawberry Valley :

By New Method

Strawberry Valley and Plaoerville .

By New Method 
Base — 5, 107 feet .... . ..... ..... .....

Ten Day a 
in 

August, 
1860

Feet 

1,369

1,379
1,384

3,732

3,728
3,691

July, 
1860

Feet 

1,387

1 383
1,389

3,758

January, 
1864

Feet

1,363
1 362'

3,727

3,744
3,751

Mean

Feet 

1,366

1 T7K

1 3781

3,739

3,706

Kange

Feet 

44

20
27

31

20
75

The data are too meager for generalization, but so far as they go their 
indication is favorable to the new method. Williamson's records and 
discussions show that the month of January, 1864, was characterized ' 
in California by storms, while the month of July, 1860, and the ten days 
selected in August, were not so characterized. It is therefore possible, 
if not indeed probable, that the residuum of 20 feet, which the best ap­ 
plication of the new method fails to eliminate from the disparity of the 
results for July and January, is largely due to the gradients accompa­ 
nying the January storms.

It will be noted that the determinations by the new method of the 
difference of altitude of the two upper stations is almost uniformly 
greater than by the old, while the determination of the difference be-
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tween the two lower stations is almost uniformly less. The deficit in the 
one ease is the correlative of the excess in the other, for any influence 
which tends to raise the estimate by the new method of the one dis­ 
tance, tends at the same time to lower the estimate of the other. In the 
absence of an absolute standard it is impossible to refer the discrepancy 
to one method or the other. In applying the new method, the mean 
altitudes obtained by the old method, as given by Williamson, were 
accepted as the basis of computation, and whatever errors they involve 
have been not only retained but slightly exaggerated.

COMPARISON WITH WHITNEY'S METHOD.

In the year 1870 Professor J. D. Whitney, at that time State Geologist 
of California, instituted a series of barometric and thermometric obser­ 
vations at three stations upon the western slope of the Sierra Nevada, 
and the observations were continued for about three years. In a report 
to the legislature,* to which we have already had occasion to refer, he 
discusses these observations aud bases upon them a series of hypsometric 
tables and a hypsometric system. The three stations were Sacramento, 
Colfax, and Summit, all upon the line of the Central Pacific Railroad 
and determined in altitude by the railroad surveys. Their relations in 
distance and altitude are as follows:

Stations

Sacramento to Summit . - - . -..,.. .. ..... ...

Distance

Miles 
45
36
77

Difference 
of Altitude

Feet 
2,399
4,590
6,989

Their latitude is about 39°. The observations were made daily at the 
hours of 7 a. m., 2 p. m., and 9 p. m., and from them Whitney derived 
monthly means for each hour. From these means of pressure and tem­ 
perature he computed the difference in altitude of each pair of stations 
for each month of the three years and for each hour of observation, 
using Williamson's tables for the purpose, but neglecting the correction 
for humidity.

Comparing the results of these computations with the known dift'er-

*" Geological Survey of California J D. Whitney, State Geologist Contnbutions 
to Barometric Hypsometry, with Tables for Use in California. Published by Authority 
of the Legislature. 1874."

The title page cloesnot announce the authoi of the volume. The "Prefatory Note" is 
signed with Professor Whitney's initials, but speaks of the volume as " prepared by " 
Prof. W. H Pettee, and conveys an impression of joint authorship. It is therefore 
with a constant reservation in favor of Professor Pettee that I have referred to the 
hook and the hypsorretnc method as Professor Whitney's, 

30 G A
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ences of altitude, he made tables of errors for each year and for each pan 
of stations. The series of errors he found to be similar in the different 
years, but not the identical, and, making allowances for their irregulari­ 
ties, he deduced from them a system of corrections which he embodied 
in tables. The first of these tables is entitled " Corrections to be applied 
for each thousand feet from sea-level to 2,400 feet," and gives a separate 
factor for each month of the year and each hour of the day from 7 a. m. 
to 9 p. m., inclusive,- the second table gives similar "Corrections to be 
applied for each thousand feet from sea-level to 7,000 feet"; and the 
third gives "Corrections to be applied for each thousand feet of differ­ 
ence of level between the altitudes 2,400 feet and 7,000 feet." For the 
application of these tables, Professor Whitney directs that the altitude 
of a new station above the base station shall be first computed by 
means of some such tables as Williamson's or Guyot's, but without the 
application of a correction for moisture, and that to the result the factor 
from some one of his tables shall be added, the particular table being 
determined by the positions and altitudes of the two stations.

These tables are not intended for universal application, but merely 
for the neighborhood, largely considered, in which the observations on 
which they are based were made. Similar tables prepared by others 
in other climates, differ •widely in the amount of correction to be applied 
at different hours and seasons, and no one table or group of tables can 
possibly be nsed to advantage in all parts of the world. Professor 
Whitney takes pains to define this limitation, claiming no value for his 
tables outside of California, and saying that "m order to obtain the 
best results the world over, it will be necessary to have similar tables 
for each mountain region." His method thus demands for its applica­ 
tion a large preliminary outlay in each district; and if the compara­ 
tively inexpensive system here proposed can be shown to equal his in 
precision of result, it will be entitled to preference on economic grounds.

Comparative tests have been made in three ways: by computing the 
altitude of Colfax from monthly means; by computing it from single 
observations; and by computing the altitudes of other points in Cali­ 
fornia. They -will be described in the order named.

I. In the preparation of his tables Whitney was unable to make his 
correction for any particular hour and month the precise equivalent of 
the corresponding error in each year, because those errors in the three 
years were different. There is, therefore, for each individual date a 
discrepancy between the correction he proposes and the error he wishes 
to eradicate; so that when his own tables are applied to the observations 
from which they were derived they do not produce for individual months 
a perfect result. Nevertheless, we must suppose that they were ad­ 
justed as closely as was practicable, so that, after applying his correc­ 
tions to the original observations, the residual errors are approximately 
at a minimum. Certainly, in the application of his tables to the differ-
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ences in height of Sacramento, Colfax, and Summit, a selection is made 
of the conditions most likely to display his method to advantage.

To render the comparison as just as practicable, the new method has 
been applied only under its most favorable condition,—the condition, 
that is, that the new station is intermediate in altitude between the two 
base stations. Sacramento and Summit were taken as bases, and from 
them the altitude of Colfax was computed for each month and hour of 
observation.*

Whitney's series includes parts of the years 1870 and 1873, and the 
whole of 1871 and 1872. For the purpose of comparison the entire 
years only were used.

For each month and each hour of observation Whitney has computed, 
by means of Williamson's tables, the height of Colfax above Sacramento, 
and his results are published on pages 75 and 76 of bis volume. Simi­ 
lar results for the difference in altitude of Colfax and Summit are pub­ 
lished on pages 78 and 79. To each of these results the writer has 
added the appropriate correction from Whitney's special table, so as to 
give for each month and hour the result by Whitney's method. He 
has then subtracted from each of these results the altitude as deter­ 
mined by level, and called the difference an error. These errors, for the 
years 1871 and 1872, appear in the first four columns of Table XII. The 
corresponding errors, deduced in the same manner from the results by 
the new method, appear 111 the two columns at the right. The footings 
show that the mean error in the determination of Colfax by the new 
method is about the same as by Whitney's method. Whitney's error is 
slightly greater if Summit is taken as base station, and slightly smaller 
if Sacramento is taken.

II. The published observations give only the monthly means of the 
readings at the three stations, but Professor Whitney has done me the 
favor to place the original records at my service, and I have thus been 
enabled to basea second test upon series of single observations. For this 
purpose the observations at the three stations for the month of Novem­ 
ber, 1870, were employed, their selection being determined by the acci­ 
dental fact that of all the records which came into my hands the set for 
that month was most nearly complete.

Table XIII contains a copy of the original figures, excepting, first, 
that the barometric readings have been corrected for temperature of 
instrument; and, second, that in every case where an observation is 
lacking from the record all other observations at the same hour are 
omitted. There remain eighty-six sets of observations, giving simul­ 
taneous pressures and temperatures at the three stations.

* The data for the computations are published on pages 32, 33, and 34 of <he Cali- 
forman " Contributions to Barometric Hypsometry."
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TABLE XII.

Determination of the Altitude of Colfax, California, from Monthly Means. Compar­ 
ison of Errors by Different Methods ot Computation

Month and Hour

2pm.. - .... .- - 
9p m .. ----- - - --

2pm ... ... ... .- - 
9pm - - . . -

2pm - - ... - 
9pm - -.--.

May — 7 am . - - - ------ . 
2pm. .... 
9p in -- ..... - - 

Juno— 7 a. m - - --- ...

9p m...- - - .. ...-

2pm. -. .. .. 
9pm... . -. ... . .

9pm .-- ... . .
ITov — 7 a. m . . .... 

2pm-- - -... 
9 p. m - - ...

Range ....... - - ......

By "Whitney's Method, the Base Station 
being—

Summit

1871

Feet 
+ 24 3 
+ 11 8 
+ 21 1 
+ 28 4 
+ 02 
+ 19.8 
+ 94 
+ 25 
-1- 17 0 
— 10.1 
— 18 0 
+ 30 9 
— 23 5
+ 1 5 
+ 30 8 
— 27 8 
— 1 9 
+ 14 8 
+ 4 7 
— 4 6 
+ 15 5 
+ 19 7 
— 15 3 
+ 34 3 
+ 39 
+ 68 
+ 23 0 
+ 12 7 
— 4 8 
+ 14 5 
— 25 3 
— 12 2 
— 27 3 
— 45 1 
— 29 3 
— 43 0

18 0 
79 4

1872

feet 
-09
— 2 8 
— 5 1 
— 47 7 
+ J2 
— 57 0 
— 8 0 
+ 80 
— 25 2 
— 1 fa 
+ 12 0 
— 96 
+ 12 4 
+ 22 0 
+ ) 1 
— 1 8 
+ 7 0 
+ 5 0 
+ 03 
+ 11 2 
+ 00 
+ 12 0 
— 15 0 
+ 10 4 
— 42 
— I 1 
-222 
— 28 8 
— 2*> 9 
— 45 6 
+ 73 
— 8 1 
+ 1 3 
+ 51 
+ 54 
+ 69

12 5 
80 2

15 2 
91 9

Sacramento

1871

Feet 
— 14 7 
- 0 9
— 17 6 
— 8 2 
+ 30 
+ 13 5 
— 0 6 
— 1 0 
+ 00 
— 30 1 
— 7 7 
— 30 5 
- 10 1 
— 0 7 
— 0 4 
- 15 2 
+ 54 
— 22 3 
- 0 3 
+ 30 
— 2 8 
— 3 2 
+ 88 
— 0 7 
+ 4 6 
+ 20 5 
+ 1 0 
+ 38 
+ 16 8 
+ 3 9 
— 2 2 
-1- 1 8 
+ 34 
+ 14 8 
— 35 3 
+ 15 8

9 6 
55 8

1872

Feet 
+ 41
- 1 1
+ 88 
+ 32 
— 8 1 
— 4 2 
+ 7 1 
— 12 1 
— 3 9 
+ 10 3 
— 11.8 
— 11 4 
+ 30 
- 144 
— 164 
— 4 5 
— 44 6 
— 22 3 
+ 17 8 
- 58 
- 4 1
+ 1 1 
— 150
_ n 5
— 2 7 
- 24 8 
- 4 2 
— 3 5 
— 24 7 
— 25 7 
+ 17 8 
— 3 8 
— 0 0 
— 10 4 
— 32 1 
— 2\ 2

12 0 
02 4

10 8 
65 1

By :NOTT Method 
ficmSummitand 
Sacramento

1871

Feet 
425 
+ 29

— 4 0 
— 11 9
+ "30 
— 2 9 
— 5 7 
— 14 5 
— 10 9 
— 11 0 
— 16 1 
+ 15 8 
+ 07 

I 8 9 
+ 18 0 
f 17 B 
- 2 2 
+ 37 4 
+ 15 (, 
+ 10 1) 
+ 3.! 0 
•4- 10 7 
+ .: s
4 21 7 
+ 15 5 
— 1 "> 
+ 18 1 
+ 19 0 
+ 2 1 
— 4 7 
— 8 0 
— 14 0 
— 0 9 
— 7 0 
+ 7 2

11 0 
51 4

1872

Feet 
+ 82 
— 1 9 
+ 37 
— 21 2 
— 20 1 
— 28 1 
+ 23 
— 10 3 
— 18 7 
+ 6 1 
— 15 3 
— 14 4 
+ 17 3 
— 56 
— 78 
+ 18 6 
_ ]8 5 
— 82 
+ 39 3 
+ 82 
+ 57 
— 7 0 
— 14 3 
— 13 3 
— 4 1 
_ 21 3 
— 14 9 
— 05 
— 20 0 
_ 30 5 
+ 28 3 
+ 07 
— 4 9 
+ 0 1 
+ 57 
— 1 9

12 3 
69 8

11.6 
69 8
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TABLE XIII.

469

Observations at Sacramento, Colfax, and Summit, California, during the Month of 
November, 1870. (Whitney.)

Day

1 

2 

3

4

5

6 

7 

8 

9

10 

11

12 

13 

14 

15 

16 

17

Hours

7am.... J. .. 
2pm. .... 
9p n . . . . .... 
7 a.m - 
2pm. 
9p m .... . ...... 
7am .. ... 
2pm . .... . .... .. .

9pm... ....

9pm . ......... . . 
7am.. .... .. ...

Sp m ... .... 
9pm. ... .. .....

2p in ... 
9pm.... . ... 
7am. . ....

2pm.. .... . ... 
9pm .... ... . -. 
7am. .... ......

9pm ...... ..... 
7am . ..... . .

7am. ..... 
2pm . ..... 
9p m . .... .. .. ..

2pm . .... . . .... .. 
9p m ... ....

9pm. ... ... . ... . 
2pm. ...... ..

Barometer (reduced)

Sacra­ 
mento

Inches 
30 046 29 984* 

994 
30 096 

089 
092 
124 
085 

.114 
157 
132 
104 

.072 
29 938 

833 
817 
892 

30 038 
087 
180 

.246 
160 
124 
069 

X .024 
078 
174 
190 
194 
160 
122 
123 
063 
050 
079 

.053 
084 
144 
103 
103 
148 
113 

.085 
062 
074 
087 

.172 
234

Colfax.

Inches 
27 523 

.488 
491) 
546 
519 
568 
575 
563 
579 
597 
586 

.547 

.520 
400 
284 
261 
364 
446 
489 
622 
662 
622 
532 
510 
461 
512 
603 
641 
639 
601 
589 
570 
524 

.510 
536 

.540 
517 
476 
530 
612 
647 

.609 
607 
609 
576 
611 
673 
747

Summit

Inches 
23. 304 

260 
272 
27J 
235 
245 
24] 
247 
276 
201 
198 
189 
121 
067 

22 901 
851 

.900 

.984 
23 029 

.187 
27b 
260 
221 
128 
059 
119 
321 
323

326 
323 
299 
283 
287 
322 
.176 
421 

.453 
438 
440 
441 

.408 
412 
411 
374 
416 
474 
546

Thermometer (Fahi )

Sacra­ 
mento

o 
40 0 
73 0 
55 5 
55 0 
67 0 
55 0 
42 5 
64 0 
50 5 
63 0 
52 5 
48 5 
62 0 
50 0 
45 0 
53 5 
46 5 
40 5 
49 0 
48 0 
41 5 
56 0 
46 0 
39 0 
57 0 
47 0 
37 0 
45 0 
37 0 
60 0 
49 5 
40 0 
64 0 
49 5 
37 5 
63 0 
49 5 
39 0 
68 0 
50 0 
41 0 
6 r> 0 
55.0 
42.5 
70 0 
51 5 
69 5 
51 0

Colfax

o 
49 0 
74 0 
56 5 
48 5 
63 0 
51 5 
45 0 
61 5 
48 5 
55 5 
46 5 
46 0 
57 0 
47 5 
42 5 
43 5 
38 5 
40 0 
40 0 
41 5 
38 0 
55 0 
41 0 
42 5 
49.5 
43 0 
37 0 
44 5 
42 0 
fiO 0 
51 0 
45 0 
65 0 
51 0 
45 5 
65 0 
5LO 
48 5 
64 0 
50 0 
50 5 
69 5 
56 5 
56 0 
75 0 
57 0 
74 5 
56 5

Summit

o 
26 8 
49 6 
32.8 
27 5 
46 8 
37 2 
27.6 
46 6 
29 4 
41 0 
29 4 
30 2 
42 6 
32 0 
314 
26 2 
23 4 
2) 4 
26 6 
26 2 
12 8 
40 6 
24 4 

_27.2 
31 2 
23 3 
17 8 
28 3 
33 5 
47 0 
34 2 
28 2 
47 4 
32 4 
33 4 
49 0 
38 0 
35 0 
49 2 
38 2 
32 3 
53 0 
37 8 
38 0 
54 0 
37.2 
542 
39 0
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TABLE XIII—Continued.

Day

18

19 

20

21 

22 

28 

24 

25 

26 

27 

28 

29 

30

Honr.

Barometer (reduced).

Sacra­ 
mento.

Inches 
308 

.234 

.284 

.270 

.223 

.243 

.186 

.211 
207 
235 

.194 
176 
140 

.124 

.154 

.024 
171 

.240 

.195 
226 

.226 
146 

.084 

.012 
29.064 
30.009 

.060 
030 

.054 

.114 

.066 
050 
076 

.115 

.164 

.182 
156 

.113

Colfex

Inches 
.797 
789 

.780 
742 

.720 
731 

.708 

.734 
.796 
720 
707 

.691 

.641 

.686 
652 

.646 

.672 

.723 

.697 
.725 
.696 
.673 
.588 
.486 
405 
425 

.469 
467 
529 
540 
505 
506 
531 
603 
626 
629 

.801 
554

Summit

Inches 
.541 
.591 
.597 

572 
518 

.473 
513 

.536 

.555 

.534 

.542 

.516 

.450 

.449 

.434 
408 
426 

.462 
433 
468 

.430 
360 
298 
124 

.023 
051 
119 

.152 
181 
193 
161 

.188 
181 
189 
213 

.234 

.248 

.249

Thermometer (Fahr.)

Sacra­ 
mento

o 
43.0 
69.0 
52.0 
41 5 
51 0 
44 0 
71 0 
52 0 
38 0 
69 0 
52 5 
87.5 
67 0 
48 0 
40 0 
65 0 
50.0 
44 0 
69 0 
51 5 
40 5 
66 0 
52.0 
44.0 
58 0 
48 0 
43 0 
60 5 
48 0 
36 5 
53 0 
50 0 
47 0 
49.0 
48 0 
47 0 
54 0 
48 5

Colfax

o 
51 5 
73 0 
56.0 
54 0 
58 0 
51 5 
73 0 
57 5 
51 0 
74 0 
56 0 
51 0 
74.5 
55 0 
52 5 
73 0 
53 5 
50 0 
68 0 
54 0 
49 5 
66.0 
52.0 
46.0 
53 0 
50.0 
40.5 
56 0 
49 0 
36 0 
54.0 
50 0 
48 0 
43 0 
43 5 
44 5 
56 0 
47 5

Summit

8* 5 
53 2 
30 3 
35 8 
J6 3 
34.0 
48.2 
36 4 
31 5 
46.0 
43 4 
34.4 
52 3 
36 0 
31.4 
51 4 
34 2 
32.6 
51 4 
31 2 
30 0 
52.0 
38.3 
34.0 
32 2 
25 3 
23 0 
33.4 
19 4 
19 0 
34 0 
33.4 
31 2 
26 5 
28 5 
28 0 
35 2 
29 0

From each set of observations the altitude of Colfax was computed 
three times: first, by Whitney's method with Summit as the reference 
or base station; second, by the same method with Sacramento as base 
station; and third, by the new method with Summit and Sacramento as 
joint bases.

Since the computations by Whitney's method were not made under his 
supervision, and since his instructions for the application of his method
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leave a certain latitude to the computer, it is proper to define precisely 
the manner in which the work was done. A first approximate altitude 
was in each case computed by means of Williamson's table marked Dt.* 
A correction for temperature was then obtained by subtracting 64 degrees 
(F.) from the sum of the observed temperatures, dividing the remainder 
by 900, and multiplying the resulting quotient by the approximate alti­ 
tude; and this correction was applied to the approximate altitude. A 
number expressing the sum of the corrections due to the variations in the 
force of gravity was then added, and afterward a special correction de­ 
rived from Whitney's table. It is stated by Whitney that the correc­ 
tions assigned to the several months in his tables apply more especially 
to the middle days, and may be modified when the observations are made 
near either end. In these computations the tabulated values were ap­ 
plied without modification to the middle day only, and for the remaining 
days values were interpolated by the aid of the tabulated corrections 
Tor October and December, the preceding and following months.

After the completion of the calculations the error of each determina­ 
tion was deduced by subtracting from it the corresponding difference 
in altitude as determined by spirit level; and these errors have been 
tabulated for publication. In Table XIV the three columns of errors 
pertain in order to the determinations by Whitney's method with Sum­ 
mit as a base, by Whitney's method with Sacramento as a base, and by 
the new method. The plus sign indicates in each case that the corre­ 
sponding determination made Golfax too high; the minus sign, too low.

In this series the average error by the new method is notably less 
than by either application of Whitney's.

III. The second edition of Whitney's treatise contains a series of 
practical examples illustrating the application of his tables and the ad­ 
vantage thereby accruing. Each illustration consists of a series of in­ 
dependent determinations of the altitude of a point visited by the field 
parties of the Galifornian Survey in 1870 or 1871. The computations 
were made first without the use of the tables and afterward with them, 
and each series of results was compared with its own mean for the pur­ 
pose of ascertaining the harmony of its individual components among 
themselves. The publication does not include the data of observation, 
but Professor Whitney has kindly permitted me to copy a portion of 
them, and I have thus been enabled to repeat by the new method some 
of the computations. My work covers only six of his twenty-four ex­ 
amples, but serves sufficiently well the purpose of comparison.

The barometric data and the several hypsometric results, with their 
errors, are exhibited in Table XV. The first two columns following 
the dates give for each locality the barometric readings (reduced to 
32° P.) at the two points used as base stations in the new computations,

* "Practical Tables in Meteorology and Hypsometry, being the Appendix to the 
Paper on the Use of the Barometer," p. 111.
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TABLE XIV.

Determinations of Altitude of Colfax, Gal., from Single Observations made in Novem­ 
ber,- 1870. Comparison of Errors by Different Methods of Computation.

Day.

1 

2 

3

4 

5

e

7 

8 

9

10 

11

12 

13 

'14 

15 

16

Hour.

2p m -. -- - 
9p m ... . ...

2pm .... .....

7am .....

9pm. . . ..

9pm. ...

9pm-. .- .- 
7am - ----- - 
2p m ..... - - 
9pm.. . ..

2pm.. .... 
9pm . . . .

7 a. m . . . 
2pm... . .. 
9pm..

2pm...... . 
9pm .... ...
7am . .....
2 p. m . . . 
9 p. m . . - - . 
7 a. m . . 
2pm . 
9pm

2pm.. .

7 a m ... ... .. 
2 p. m ..... .

By Whitney's 
Method, the 
base station 
being-

Sum­ 
mit.

Feet 
+ 57 
+ 1 
+ 5 
— 4 
+ 5 
— 91 
— 50 
— 18 
— 12 
— 49 
— 95 
— 99 
- 93 
— 87 
— 166 
+ 6 
— 154 
— 161 
+ 5 
- 103 
+ " 
— 5 
— 29 
— 101
__ Q

— 07 
+ 102 
+ 8 
— 38 
+ 32 
— 4 
+ 19 
+ 31 
+ 42 
+ 51 
+ 116 
+ 162 
+ 236 
+ 199 
+ 96 
+ 61 
+ 41 
+ 39 
+ 9 
+ 1

Sacra­ 
mento.

feet 
+ 13 
+ 53 
+ 41 
+ 72 
+ 78 
+ 48 
+ 27 
+ 18 
+ 88 
+ 33 
+ 47 
+ 55 
+ 25 
+ 51 
+ 51 
+ 3 
+ 13 
+ 58
+ 1 
+ 30 
+ 29 
— 9 
+ 61 
+ 24 
+ 18 
+ « 
+ « 
+ 20 
+ 4 
+ 40 
+ 37 
+ 23 
+ 50 
+ 51 
+ 12 
+ 24 
+ 75 
+ 140 
+ 90 
- 4 
— 14 
+ 25 
+ 13 
— 36 
+ 50

By New Method, from Summit and 

Sacramento.

Feet. 
+ 35 
+ 15 
+ 15 
+ 29 
+ 37 
— 6 
+ 4 
— 4 
+ 8 
— 13 
— 18 

0 
- 28 
— 3 
- 17 
— 23 
— 60 
— 21 
— 16 
- 29 
+ 6 
- 13 
+ 38 
— 8 
— 15
+ »
+ 38 
+ 12
+ H 
+ 35 
+ 23 
+ 32 
+ 36 
+ 43 
+ 50 
+ 53 
+ 114 
+ 204 
+ 118 
+ 36 
+ 28 
+ 31 
+ 18 
+ 2 
+ 27

Daj.

16 
17

18

19

2o'

21 

22 

23 

24 

25 

26 

27 

28 

29 

30

Hour.

9 p. m ..- - . . 
2p m ... .. 
9p m 
7am 
2pm 
9pm. 
7am.. 
9 p. m 
7am .. 
2pm. 
9pm ... . 
7am.. 
2pm .... 
9pm ... 
7am.. 
2p m ... . 
9pm. .. 
7am 
2pm 
9p m 
7am ... 
2 p. m .... 
9pm... . 
7am.. . .. 
2p m ..... 
9pm.. 
7 a. m ...

9 p. m . .. . 
7am ... 
2p m .. 
9 p. m 
7a m 
2pm ... 
9pm-. . . 
7am 
2pm .... 
9pm 
7am 
2pm .... 
9pm... - .

Mean 
Range . . .

By Whitney's 
Method, the 
base station 
being-

Sum­ 
mit

Feet. 
+ 40 
+ 23 
+ 50 
— 1 
+ 56 
+ 121 
+ 85 
+ 51 
+ 4 
+ 06 
+ 59 
+ 49 
+ 85 
+ 07 
+ 92 
+ 30 
+ 21 
+ 43 
— 14 
+ 25 
+ 13 
— 11 
+ 34 
+ 17 
+ 32 
- 52 
— 134 
— 36 
— 106 
— 39 
+ 32 
— 23 
+ 20
+ 11 
— 03 
— 106 
+ 40 
— 97 
— 107 

0 
— 10

55 9 
402

Sacra­ 
mento.

Feet 
+ 3 
+ 39 

0 
— 9 
- 24 
+ 13 
+ 13 
+ 20 

0 
+ 18 
— 4 
— 32 
+ 51 
+ 3 
— 40 
+ 38 
- 53 
— 21 
— 85 
+ 6 

0 
+ 22 
+ 7
+ 3 
+ 91 
+ 12 
+ 17 
+ 37 
+ 87 
+ 59 
+ 51 
+ 22 
+ 10 
+ 35 
+ 49 
+ 43 
— 71 
+ 10 
+ 33 
+ 15 
+ 48

33 2
225

By New Method, from Summit and 
Sacramento.

Feet 
+ 17 
+ 29 
+ 23 
+ 15 
— 2 
+ 40 
+ 59 
+ 31 
+ 14 
+ 19 
+ 18 
+ 15 
+ 46 
+ 37 
+ 31 
+ 34 
— 22 
+ 24 
+ 60 
+ 11 
+ 16 
+ 3 
+ 8 
+ 21 
+ 68 
— 7 
- 21 
— 9 
+ 8 
+ 23 
+ 20 
— 16 
+ 14 
+ 8 
+ 7 
— 4 
— 48 
— 32 
-17 

+ 7 | 
+ 22

26 9 
204

1
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TABLE XV.

Altitude Determinations in California, from Observations by the Geological Survey
of California in 1870.

1.—ALTITUDE OF GOLD RUN ABOTE COLFAX

Day.

Oct 7

8 
9

10 

11

12 

13

Mea 
Ban

Hour

7 a m.... .... 
2p m.... ....

7am.. .... 
2pm ... ...

7am.. .... 
330pm .... .

2pm . .... 
9pm... . ....

9pm ...

Barometer Reading

Summit

Inches 
23 383 

410 
418 
409 
311 
251 
245 
227 
257 
262 
316 
346 
364 
386 
424 
388 

.390

Coif ax

Inches 
27 494 

487 
499 
520 

.341 
340 
370 
871 
445 
458 
460 

.488 
493 
512 
556 

.514 
523

Gold Run

Inches 
26. 765 

745 
764 

.775 

.597 
611 

.631 

.624 
690 
690 
725 
736 

.740 
768 
805 
768 

.781

ge.... .......... ..... ..... ..... .. ...

Altitude by —

Whitney

Feet 
804 2 
814 3 
802 5 
812 6 
820.5 
804 3 
807 9 
813 9 
812,3 
819 7 
792 7 
810 1 
812 7 
801 4 
796 7 
809 6 
803.9

809.5

New 
Method

Feet 
767 5 
788 7 
780 3 
784 5 
800 1 
772.0 
774 0 
779 8 
778 9 
791 0 
766 8 
785 1 
789 2 
779 9 
786 5 
781 9 
778 1

781 5

Residual by—

"Whitney

Feet 
— 5 3 
+ 48 
— 7 0 
+ 31 
+11 0 
— 5 2 
— 1 6 
+ 44 
+ 2.8 
+10 2 
—16 8 
+ 66 
f 3 2 
— 8 1 
—12 8
f 0 1 
— 5 6

6 4 
27.8

Now 
Method

Feet. 
—14 0 
+ 72 
— 1 2 
+ 30 
+18 6 
— 9 5 
— 69 
— 1 7 
— 2 6 
+ 95 
—14 7 
+ 36 
+ 7 7 
— 1 6 
+ 50 
+ 04 
— 3 4

6 5 
33 3

2 —ALTITUDE OF TOU BET ABOTE COLFAX

Day

NOT 10
11

12
16

17
18
20

21

22
23

Dec 8

9
12

Hour

9pm
7am
1 45 p m
7 26 p m .
7am .. ....
2pm ...
9pm ...
1 p ra . .
2pm
7am
2pm .....
9pm
7. 30 a m
2pm
9pm
7am .....
7am.. .....
2p m
9pm.
7am .... ... .
7am .... ......
7pm-. ..- ---

Barometer Beading

Summit

Inches
23 323

318
326
323
299
374
416
474
591
473
513
536
555

.534
542
516
434
246
293
329

.148
171

Colfax.

Inches
27 641

639
601
589
570
576
611
673
789
731
708
734
796
720
707
691
652
738
729
659
512

.553

You Bet

Inches
27 080

086
053
041

26 997
27 046

095
148
260
188
187
211
263
187
185
170
125
109
165
109

26.954
.985

Bange . . . .... - ... - ..... .... .......... .

Altitude by —

Whitney

Feet
585 3
564 5
572 5
568 3
597 9
562 2
540 6
552 8
550 8
557 6
544 5
542 8
549 3
557 9
540 6
539 9
549 0
563 2
564 0
553 1
557 9
551 7

558 1

New 
Method

Feet
558 2
550 2
550 8
553 0
577 1
643 3
529 7
538 7
542 7
549.0
535 5
536 9
541 3
548 7
540 3
537 9
538 2
543 3
545 3
546 4
548 9
556 5

546 0

Residual by—

"Whitney

Feet
+27 2
+ 64
+144
+10 2
+39 8
+ 4 1
—17 5
— 5 3
— 7 3
— 0 5
—13 6
—15 3
— 8 8
— 0 2
—17 5
—18 2
— 8 2
+ 5.1
+ 59
— 5 0
— 02
— 6.4

10.8
58 0

New 
Method.

Feet.
+12 2
+ 42
+ 4.8
+ 70
+31 1
— 2 7
—16.3
— 7 3
— 3 3
+ 30
—10 5
— 9 1
— 4 7
+ 27
— 5 7
— 8 1
— 7 8
- 2 7
- 0 7
+ 04
+ 29
+10.5

7.2
47 4
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TABU! XV—Continued. 

3—DISTANCE OF CAMP 9 BELO"W COLFAX

Day.

Sept 21 
22 
23

24

25 
26

Mea 
Ban

Hour.

9pm .... ....

2pm... 
9pm

2pm.

7 a. m . - • • • 
9 p. m -

Barometer Beading.

Summit

Inches 
23 397 

353 
277 
269 
298 
320 
298 

.337 
350 
315 
325

Colfax.

Inches 
27 486 

.471 
452 
445 

.466 
513 

.481 

.483 

.525 

.474 
493

Camp 9

Inches 
28 852 

854 
897 
850 
871 

.945 
854 

.886 
940 
869 
925

ge . ... ........... ..... .. ..... .... .... .

Altitude by—

Whitney

Feet. 
1,369 6 
1, 361 4 
1, 412 7 
1,397 2 
1,381 9 
1,384 6 
1, 363. 6 
1,382 3 
1,381 6 
1,370 2 
1, 407. 7

1,883 0

New 
Method.

Feet 
1,398 
1,406 
1,445 
1,406 
1,408 
1,425 
1,372 
1,415 
1,416 
1,402 
1,435

1,411 6

Residual by—

Whitney.

Feet 
—13 4 
—21 6 
+20 7 
+14 2 
— 1 1 
+ 16 
—19 4 
— 0 7 
— 1 4 
—12 8 
+24 7

12 8 
51.3

New 
Method

Feet. 
—14 
— 6 
+33 
— 6 
— 4 
+13 
—40 
+ 3 
+ 4 
—10 
+23

14 2 
73

4 —ALTITUDE OF LAKEPOKT ABOVE SACKAMENTO.

Day

Oct 19

20

21

22 

23

24 

25

28

27

Mea 
Ran

Hour

2p m .. .. .
9p m .. .. ..

2pm. .. ..
9p m
2pm
9pm.. .. ..

2p m ... . ..

2pm ....

7am ....
2pm. .. ..

7am. ..
2pm . .. ..
9pm..
7am ...
2p.m .. -. ..

Barometer Beading

Colfax

Inches 
27 735 

.638
681 
635 
571
542
409
365 

.311 
303 
297 
281 
246 
245 
278 
280 
369
344 
358 
225

.312
396

.508
567 
635

Sacra­ 
mento

Inches 
30 212 

.149
121 
115 
044

29 987
906
871 

.834 
847 
825 
832 
813 
798 

.859 
915 

.906
879 
889 

.781

.860
30 010

073
167 

.172

Lakoport

Inches 
2a840 

760
799
758 
646
641
488
467 

.432 
389 
384 
426 

.424 
424 
395 
467 
475
415 
474 
388
430
552
684

.685 
785

ge-. .- ... .... ......... ...... ... ....

Altitude by —

Whitney

Feet 
1,269 7 
1, 323 2
1, 250 7 
1, 259 7 
1, 339. 1
1, 269 1
1,355 7
1, 342. 1 
1, 339 7 
1,355 1 
1, 357 0 
1, 302. 7 
1, 307 3 
1, 287 2 
1, 382 6 
1, 367 0 
1, 337 4
1, 370 8 
1, 346. 4 
1, 320 6
1,324 5
1, 357. 7
1, 305 4
1, 375 6 
1, 290. 9

1,3255

New 
Method

Feet 
1,306 
1,301
1,278 
J.289 
1,334
1,298
1,340
1,321 
1,309 
1,352 
1,345 
1, 298 
1,274 
1,268 
1,338 
1,293 
1,330
1,362 
1,317 
1,318
1,322
1,332
1,276
1,345 
1,287

1,313

Kesidual by—

Whitney

Feet. 
—55.8 
- 2 3
—74.8 
—65 8 
+13 6
—56 4
+30 2
+16 6 
+14 2 
+29 0 
+31 5 
—22 8 
—18 2 
—38 3 
+57 1 
+41 5 
+11.9
+45 3 
+20 9 
— 4.9
— 1 0
+32 2
—20 1
+50.1 
-34.6

31 6 
131 9

New 
Method

Feet.
— 7 
—12
—35 
—24 - 

+21
—15
+27
+ 8 
— 4 
+39 
+32 
—15 
—39 
—45 
+25 
—20 
+17
+49 
+ 4 
+ 5
+ 9
+19
—37
+32 
—26

22.6 
94
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TABLE XV—Continued 

5 — DISTANCE OF GEYSER SPRINGS BELOW COLFAX

Day

Sept 15 
16 
17

llea 
Ran

Hoar

9pm . .. ..

7am. . ..... 
9pm. ....

Barometer Reading

Summit

Inches 
23 215 

.216 

.226 

.277

Colfax

Inches 
27 398 

430 
444 
457

Geyser 
Springs

Inches 
28 398 

439 
437 
452

ge. ....................... . . . .... .. .. ..

Altitude by —

Whitney

Feet 
993 0 
985 7 
970 7 
984 1

983.4

New 
Method

Feel 
1,004 3 
1, 004. 6 

988 0 
1, 000 5

999 3

Residual by —

Whitney

Feet 
+ 96 
+ 23 
—12 7 
+ 07

6 3 
22 3

New 
Method.

Feet. 
+ 50 
+ 58 
—11 3 
+ 1 2

5 7 
16 6

6 —DISTANCE OF LONG VALLEY BELOW COLFAX.

Day

Nov 8

9

13

Ran
Mca

Hour

7am . .....
2pm . ...
2 p. m . .
9pm
7am
2pm .
9p m ...

Barometer Reading

Colfax

Inches
27 662

622
461
512
536
540

.517

Sacra­ 
mento

Inches
30. 246

160
024
078
079

.053
084

Long 
•Valley.

Inches
28 788

717
539
679
684
614
662

ge . ... ... . ............ ...... - .- -

Altitude by —

Whitney

Feet
1, 062 9
1,034 0
1,022 6
1, 106 9
1,091 9
1,054 9
1, 103 7

1,068 1

New 
Method

Feet
1,060
1,057
1,033
1,115
1,107
1,048
1,094

1, 074 7

Residual by —

Whitney.

Feel
— 5 2
—34 1
—45 5
+38 8
+23 8
—13 2
+35.6

28 0 
84 3

New 
Method.

Feet
— a
—18
—42
+40
+32
—27
+19

20 3 
82 0

and the next gives the readings at the new station. The base station 
employed by Whitney is in each case a base station of the new method, 
and its locality is indicated by the title of the sub-table. The next 
two columns contain the altitudes determined by the two computa­ 
tions, and the final columns give the variations of the individual results 
from the means of their series. In the case of these six localities the 
barometric measurements are not checked by leveling, so that the only 
test of the methods is derived from the relative concordance of their 
results. Each determination was compared with the mean of its series 
and the difference was entered in the column of residuals.

The reader who compares this table with the corresponding tables on 
pages 99 to 109 of Whitney's treatise (second edition), will note certain 
discrepancies which need to be explained. It happened in several in­ 
stances that the computations could not be made by the new method for 
certain hours for which Whitney had made them, by reason of the lack 
of observations at the second base station. Moreover, the writer was led 
by the internal evidence of the record to discard as erroneous certain 
observations at Colfax which had been retained in the earlier computa-
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tions.* In each case the corresponding determinations by Whitney were 
omitted from the comparison. The changes wrought by these omissions 
were not prejudicial to his method, but on the contrary rendered his re­ 
sults more harmonious.

Four of the illustrative new stations are intermediate in altitude be­ 
tween the base stations to which they are referred; two, Camp 9 and 
Geyser Springs, are not. Four localities afford better results to the new 
method than to the old; two, Camp 9 and Gold Run, afford poorer. 
Upon the average, the residuals by the new method are 10 per cent 
smaller than by the old.

In Table XVI the results of the several comparisons are summarized. 
The second column indicates the points used as base stations in the sev­ 
eral computations by Whitney's method, the indicated point being, in 
each case, one of the pair of bases employed in the corresponding com­ 
putations by the new method. The second column-shows the number 
of independent results compared. The fourth and fifth give for the two 
methods the average errors or residuals of the individual determinations. 
Where Colfax was the new station, each determination was compared 
with a result determined by spirit level, but in the other cases the stand­ 
ards were merely the means of individual determinations. The numbers 
in the last column were obtained by dividing those in the fifth by those in 
the fourth, and are the ratios of the errors incurred by the new method to 
the errors incurred by Whitney's. The footings show that in four hundred 
independent comparisons, tailing into ten separate series, distinguished 
by locality or other conditions, the average error by the new method is 85 
per cent of the average error by Whitney's method. Of the ten series, 
three exhibit ratios favorable to Whitney's method, and the remainder 
favor the new method. On the whole, the comparisons award the pref­ 
erence to the new method, but the preponderance is not great.

* The observer at Colfax, in September, 1870, appears to have been addicted to a mis­ 
take in the reading of the scale, which is frequently made by inexperienced barometric 
observers, and which produces an error in the record amounting to either the tenth or 
the twentieth of an inch. Pencil memoranda on the pages of the records loaned to me 
indicated that some mistakes of this sort had already been detected, but others were 
not marked. If the purpose of the computations had been the determination of the alti­ 
tude merely, it would have been proper to assign the probable correction to those readings 
and use them, but for the actual purpose rejection seemed the only legitimate course.

Whitney states that while the majority of his tests exhibit a gam by the use of his 
tables, there are a few which show a loss. Two of these adverse examples he pub­ 
lishes (p. 109), and one of them—the determination of Geyser Springs—involves, as I 
believe, two errors by the Colfax observer. If the bad observations be rejected, or if 
they be assigned the highly probable correction of —0 05 inch, the unfavorable ex­ 
ample is converted into a favorable one

The writer has been accustomed for several years, in the supervision of barometric 
work, to employ a check which effectually eliminates errors of this class. The portable 
barometer of Green, the instrument used by all Amencan surveys, has two verniers, in­ 
separably attached to each other but moving over different parts of the scale The uppei 
one is used at low altitudes, the lower at high. The check is obtained by requiring the 
observer, after adjusting the proper vernier to the surface of the mercury, to read and 
record both verniers. The difference between the two readings is for each instrument 
a constant quantity, and each reading therefore checks the accuracy of the othci
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TABLE XVI

- 477

Summary of Errois of Altitude Determinations by Whltney's Method and by the Ne-w 
Method; derived from Tables XII, XIV, and XV.

New Station and Character of Data

Colfax , triple means for twenty four months
Colfax , triple means for twenty-four months
Colfax , single observations in "November, 1870 . .
Colfax , single observations in November, 1870
Gold Run , single observations .... .....
You Bet , single observations . . . . ......
Camp 9 , single observations
Lakeport , single observations . ... .
Geyser Springs , single observations - . -
Long Valley , single observations . . . . - -

Total ... ..........

Whitiiey's Base 
Station

Sacramento
Summit
Sacramento
Summit
Colfax

do . ...
do

Sacramento .
Colfax .. .

. do

Num 
berof

Eesnlts

72
72
86
86
17
22
11
25
4
7

402

Average Errors
by-

Whit.
ney

Feet
10 8
15 2
3,1 2
55 9

6 4
10 8

12 8
31 6

6 3
28 0

New

Feet
11.6
11 6
26 9
26 9

6 5
7 2

14 2
22 6

5 7
26.3

Ratio

1 07
76
81
48

1 02
67

1 11
71
90

.94

Mean . 85

The computations were made and the tables were prepared for the 
purpose of comparing the variations in the results obtained by the two 
systems, these variations affording the best practicable measure of 
their relative precision. They serve another purpose, however, ior 
they also show the relations between the mean altitudes determined by 
the two methods. In the determinations of Colfax there are no discrep­ 
ancies, for these are based upon the very observations which served, 
on the one hand, to construct Whltney's table of corrections, and, on the 
other, to determine the constant of the new formula, and the application 
of the corrections and the formula could not fail to give average results 
in harmony with the original data and with each other; but when the 
methods are applied to other points, their determinations are found to 
exhibit constant differences. The altitudes given in Table XV are in 
each case differences in level between the indicated new station and 
the indicated base, the new station being in some cases higher than the 
base, and in other cases lower. In three of the six instances the mean 
difference in level determined by the new method is greater than the 
corresponding determination by the old, and in the remaining three it 
is less. If, however, we compare the altitudes of the new stations when 
referred to the sea level, or to any other uniform standard, we find 
that the divergence between the two series of results is always m the 
same direction.

This fact is exhibited in Table XVII, where each new station is re­ 
ferred to Colfax, the plus sign indicating that it is higher than Colfax, 
the minus sign that it is lower. The stations are arranged on the page 
in the order of their altitudes,—from Gold Run, 800 feet above Colfax, 
to Camp 9,1,400 feet below. The figures in the right-hand column were 
obtained by subtracting the altitudes given by the new method from
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the corresponding altitudes obtained by Whitney, and show that in 
every case Whitney's method gives a higher determination to the new 
station than does the new. In the absence of determinations of the 
several points by level, it is impossible to lay the discrepancy to the 
fault of one method rather than the other, and the conditions of the 
computations, which were somewhat varied, throw no light upon the
subject.

TABLE XVII

Companson of Californian Altitudes, computed by Whitney and by the New Method

New Station

Gold Bun . .

Geyser Springs 
Long "Valley .... 
Lakeport . . . 
Camp 9 . . .

Base Stations

Whitney

Colfax .. 
-- do. ...

do ...
do ...

Sacramento 
Collax ..

New Method

Colfax and Summit , 
.... do ....
. .. do .... . .. .
Sacramento and Cclfax . 
.... do . . ....
Colfax and Summit . .

Month

October . 
November 
September 
November 
October 
September .

Altitud 
Col

Whit­ 
ney 
(I)

Feet.
+ 809 
-1- 558 
- 983 
-1,068 
-1,074 
- 1, 383

e above 
fax

New 
(II)

Feet
+ 781 
+ 546 
— 99'J 
— 1, 075 
— 1, 086 
— 1, 412

(I) 
minus

<n>

Feet
+28 

- +12 
+16 
+ 7 
-J 12 
+29

The observations were made in three different months of the year 1870. 
In Whitney's computations Colfax was used as the base station in five 
cases and Sacramento in one: in three cases the new station was higher 
than the base, and in the remaining three it was lower. In the compu­ 
tations by the new method Colfax and Summit were the bases for four 
localities, and Sacramento and Colfax for the remaining two: in four 
cases the new station was intermediate in altitude between the bases; 
in the remamiug two it fell below the lower base. The divergence of 
result is thus shown to be independent of the time of year and of the 
selection of base stations, retaining its character whether the base sta­ 
tion for the old method lay above or below the new station, and whether 
the base stations for the new method included or excluded the new 
station.

It is not easy to see how a constant error, such as is here indicated, 
could be introduced by either hypsometric method. The corrections by 
each system are determined empirically from observations made in the 
very region where they are applied. Any change which might be made 
m the constant of the new formula would increase the discrepancies in 
some cases and diminish them in others, and no possible value could be 
assigned to it which would produce harmony in the results. The only 
competent explanation which occurs to the writer is a priori highly im­ 
probable. If the determination by the railroad surveyors of the vertical 
interspaces between the stations at Sacramento, Colfax, and Summit 
is grossly in error, and m such way that the estimated altitude of
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Colfax is relatively 25 or 50 feet too low, the effect upon Whitney's 
determinations and those made by the new method would be such as to 
produce a divergence between them ot the character and amouut ob­ 
served. It would be rash, however, to impugn the accuracy of the 
engineering work upon such grounds.

If all the altitudes published by Whitney were redetermmed by the 
new method, it is quite possible that a satisfactory explanation would 
be reached; but lack of time forbids the pursuit of the subject, at least 
for the present.

Another relation of the two seiies of deteimmations is worthy of 
note, viz., their parallelism. An inspection of Tables XIV and XV, 
which exhibit the determinations from single sets of observations, shows 
that an exceptionally great error by one method usually corresponds 
to an exceptionally great error in the same direction by the other. In 
the former table there are 123 instances in which the errors incurred by 
the two methods have the same sign, and only 47 in which their signs 
are different. lu the latter table the signs show 73 correspondences 
and only 18 discrepancies. The same relation appears when the series 
of results are plotted in the form of curves. lu the case of each station 
the curves representing the errors by the two methods approach more 
nearly to parallelism than either of them approaches to coincidence 
with its mean line.

This relation does not hold good with the results contained in Table 
XII, which are based on monthly means; the correspondences of sign 
barely exceed in number the differences.

The proper interpretation of these peculiarities appears to be, first, that 
the devices employed in the two computations to eliminate error have 
been efficacious in the case of the same classes of error, and have agreed 
likewise as to the errors they have failed to reach; and, second, that 
the latter class of errors are partially eliminated by the use of monthly 
means. When we take into consideration the nature of the various 
possible sources of error, and the character of the corrective expedients 
employed by the two methods, it becomes evident that the>chief error they 
both fail to eliminate from the determinations from single,sets of obser 
vations is that of non-periodic gradient, and that the erro£ with which 
they most successfully cope is the one arising from the diurnal variation 
of the density of air, due chiefly to temperature. The actual difference 
between the degrees of accuracy attained by the two metaods may be 
taken, therefore, with some degree of confideuce, to represent the dif­ 
ference in their success in eliminating errors due to temperature, and we 
are permitted to assume that the small residual tempeEature errors are 
masked in these results by the concurrent gradient ecrors. If the com­ 
parison could be repeated under such conditions that errors of gradient 
would not largely enter, it is probable that the §H^ht actual advantage 
shown by the new method would be found J^<ffesume a relatively great 
importance. ^-^'"
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COMPARISON WITH PLANTAMOTJR'S METHOD.

Plantamour's hypsometric method resembles Whitney's in that it in­ 
cludes a table of corrections based upon a long series of observations; 
but the corrections are applied to the temperature observations and not 
to the altitudes, and there are other and important differences. The 
groundwork of his tables consists of eighteen years' continuous meteor- 
ologic observations at Geneva and the Great St. Bernard—a series of 
observations which his discussions have rendered classic, and which 
have made the most notable contributions alike to hypsometry and to 
meteorology. The Geneva Observatory is situated in a valley at the 
base of the Alps, aud the Inn of St. Bernard stands high up in the mount­ 
ains, with a great spur of Mont Blanc between. Their horizontal dis- 
ance is 55 miles; their difference in altitude 2,070.3 meters, or about 
6,792 feet.

For different months of the year and hours of the day Professor 
Plantamour computed the height of St. Bernard above Geneva from the 
means of the eighteen years' observations, making use not only of the 
barometric determinations of pressure and the thermometric determina­ 
tions of temperature but also of the psychrometric determinations of hu­ 
midity. He then compared each of these results with the actual altitude 
as determined by spirit level, and deduced from the comparison the cor­ 
rection necessary to be applied to the sum of the observed temperatures 
in order to eliminate the error. These corrections he embodied in a 
table which appears in the second part of Volume XVI of the Memoirs 
of the Geneva Society of Physics and Natural History. The table does 
not cover the entire year, but only the warmer months and the daylight 
hours, to which observations for the determination of altitude are usually 
restricted m the Alps. In the same place he describes his method of 
applying it, and publishes an extended series of illustrative examples, 
in each of which the new station was within or near the Alps, and either 
Geneva or St. Bernard was used as the base station. A separate com­ 
putation was made for each observation at each new station, and the 
data and results are given in full, so that his method is completely 
exemplified. His procedure with each group of synchronous observa­ 
tions was as follows:

The barOTneter reading at the new station was first compared with 
the readmg^at Geneva, and an approximate difference of altitude was de- 
duced in theVisual manner. To this approximate altitude corrections 
for temperature, moisture, and gravitation were applied in the cus­ 
tomary way, except that corrected temperatures at the two stations 
were substituted\jor the observed temperatures. The manner of cor­ 
recting the temperatures was peculiar and needs to be given in detail. 
Since dense air acquires heat from the ground more rapidly than rare air, 
he ascribed a greater local variation to temperature at Geneva than at
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St. Bernard, and assigned it a larger measure of correction. The tabu­ 
lated correction is a correction to the sum of the two temperatures, 
and two-thirds of this correction was assigned to the Geneva temperature, 
leaving the remaining third to be applied to that observed at St. Bernard. 
Correspondingly, the temperature observed at the new station was 
increased or diminished by two-thirds of the tabulated correction if the 
station lay in the vicinity of Geneva, and by one-third of the tabulated 
correction if its altitude was nearly the same as that of St. Bernard. 
If its position was midway it received the half of the total correction, 
and if it had an altitude greatly in excess of that of St. Bernard the 
correction applied was less than one-third, or even in some cases 
nothing.

The difference in altitude of the new station and Geneva having been 
thus computed, a similar computation was made of the difference in 
altitude of the new station and St. Bernard, and in the final result these 
two determinations were given weights according to the vertical posi­ 
tion of the new station, the determination by means of the nearer base 
station being considered the more trustworthy.

Where two or more observations were made at any new station, care 
was taken to assign to the result from each one a weight dependent 
upon the atmospheric conditions at the time the observation was made. 
For this purpose a computation of the altitude of St. Bernard above 
Geneva was made from the observations at the same hour, and from 
this was deduced the amount of change which would need to be made 
in the sum of the observed temperatures at these places in order to 
correct the error of the determined altitude. This temperature cor­ 
rection was then compared with the temperature correction of the table 
for the hour and month, and consideration was given to the force and 
direction of the wind and to the cloudiness or clearness of the sky. 
Since the tabulated correction was derived from the mean of many 
days, or from the average day, it must evidently be inapplicable to 
days which differ from the average standard. For clear and still days 
it is too small; for cloudy or very windy days it is too large; and an 
inspection of the recorded weather at the time of observation enables 
the computer to judge whether the temperature correction necessary to 
deduce the true altitude differs from the tabulated correction in a way 
that can be accounted for by the local conditions of sky and wind. 
If it can be so accounted for, there is presumptive evidence that the gen­ 
eral condition of the air column between Geneva and St. Bernard is one 
of equilibrium, and that the altitude of the new station deduced at that 
time is entitled to receive a large weight. If it cannot be thus accounted 
for, then a gradient must be supposed to exist between those points, and 
the deduced altitude of the new station has less value. In assigning it a 
weight, Plantamour gave consideration, first, to the amount of gradient 
as indicated by the temperature corrections, and, second, to the geo- 

31 o A
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graphic position of the station with reference to the two bases,—a mat­ 
ter in which the judgment of the computer was brought into play, and 
to which a knowledge of the geography and climate of the country was 
an important adjunct.

It will be seen that this barometric system is absolutely dependent 
upon a long preliminary series of observations at the pair of stations 
to be afterward used as bases. It is as strictly a local system as Pro­ 
fessor Whitney's, and while in the skillful hands of Plantamour it un­ 
doubtedly afforded results of a high degree of accuracy, it demands in 
its use the application of so much knowledge and acumen that it can 
hardly be intrusted to the ordinary computer.

The series of examples published by Plantamour iucludes thirty-nine 
new stations, at some of which the barometer was read once only, but 
at most of which it .was read from two to twenty-two times. For the 
purpose of comparative computation, a selection was made by the writer 
of the six stations which gave opportunity for the greatest number of 
individual comparisons, and the altitudes of these stations were com­ 
puted by the new method, a separate result being 'obtained for each 
observation. Prom these separate results a weighted mean for the alti­ 
tude of each station was derived, the weights beiug determined simply 
by the wind factor. Since the winds which accompany cyclonic move­ 
ments of the atmosphere are approximately proportional in force to 
the gradients with which they .are associated, gradient errors are liable 
to be greater during the existence of a high wind. The horizontal dis­ 
tances between the base stations and new stations under consideration are 
so great that the accuracy of the determinations is liable to be seriously 
impaired by high gradients. The winds are indicated in the record of 
observations by a notation which calls a calm 0 and a high wind 3. In 
the deduction of the means, all the results obtained when the strongest 
wind at either station was 1 were ascribed a weight of unity. Eesults 
aftected by a wind with the force 2 or 3 were ascribed weights of one- 
half or one-third respectively.

In Table XVIII the first column gives the new stations and indicates 
the days and hours at which the observations were made. The second 
column shows for each hour the altitude of the station above the sea, 
expressed in meters, as deduced by the new method. The third column 
gives the remainders obtained by subtracting the weighted mean alti­ 
tude for each station from the individual determinations. The fourth 
and fifth columns contain Plantamour's determinations of the same alti­ 
tudes at the same hours from the two bases taken separately, Geneva 
being the base for all determinations in the fourth column and St. Ber­ 
nard for all in the fifth. The numbers of the sixth and seventh columns 
were obtained by subtracting from the unmbers of the fourth and fifth 
tlieii lespective weighted means.
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TABLE XVIII.
Altitude Determinations in the Alps, from Observations p'uWished by Prof. E. 

Plintamour. (All Altitudes are referred to Sea Level )

Place and Time of Obser­ 
vation

KVOLEXA

1859 
Sept 1 — 2 p m . . 

1 — 4 p ra .... .

1—8 p m . 
2 — 6 a m .... . 
2 — 8 p m . .

"Weighted Mean 
Range

HOSPICE DE LA GRIMSEL

1858 
July 31— 8 p. m ... . 

31—10 p ra 
1859 

Sept 7 — 7 p. ra . . . . . . 
7 — 8 p. m .... 
7 — 9 p m .

8 — 6 p. m . 
8 — 8 p m. . - .- 
9 — 6 am

Weighted Mean

SERBAVAL 
1852

Jnly27 — 9 p,m ..... 
27—10 p m . . 
28 — 7am

28 — 2pm 
28 — 7pm 
28— 8pm .... 
28 — 9pm ... 
28— 10 p m .. 
29— Sam. . . 
29— 10 a m . .. . 
29— 12m ..... 
29— 6pm. 
29— 8pm . .

30— 6am .... . 
1853. 

Ang 19 — 12m ... 
19— 2pm.. .

Altitude 
by New 
Method

Meters 
1, 380. i 
1, 385 0 
1,374 8 
1,366 1 
1, 367 4 
1, 371 1 
1, 372 4

1, 373 8

1, 862. 5 
1, 867. 0

1,876 3 
1, 878 8 
1, 880. 5 
1, 877 3 
1, 873 3 
1, 877 9 
1, 876. 1

1, 876 1
-

833 3 
835 3 
840 0 
841 9 
836 b 
826 7 
827 1 
830 2 
831 9 
836.0 
836 3 
836 4 
825 2 
832 5 
832,8 
834 0

850 3 
844 0 
842 3

Deviation 
from 

"Weighted 
Mean

Meten 
+ 63 
+11 2 
+ 1 0 
— 7 7 
— 6 4 
— 2 7 
— 1 4

5 2 
18.9

—13 6 
— 9 1

+ 02 
+ 27 
+ 4 4 
+ 1 2 
— 2 8 
+ 1 8 

0 0

4.0 
18 0

— 3 6 
— 1 6
+ 3 1 
+ 50 
— 0 3 
—10 2 
— 9 8 
— 6 7 
— 5 0 
— 0 9 
— 0.6 
— 0 5 
—11 7 
— 4 4 
— 4 1 
— 2 9

+13 4
+ 7.1 
+ 5 4

Altitude by Planta- 
mour, the Base Sta­ 
tion being —

Geneva

Meters 
1, 398 0 
1,402 3 
1, 389 7 
1, 377 2 
1, 385 0 
1, 382 9 , 
1,379 5

St. Bernard

Meters 
1, 373 2 
,381 9 
,376 6 
,370 5 
, 357' 0 
,367 4 
,378 5

1,378 6

1,869 1 
1, 875. 7

1,883 5 
1,880 3 
1, 882. 2 
1,8712 
1,8826 
1,888.4 
1,879 5

1,868 0 
1, 870 4

1, 879 2 
1, 882. 3 
1,883 2 
1, 877 6 
1,874 9 
1,880.5 
1,875 2

1,877 3

841.2 
842 5 
846 4 
847 4 
841 8 
830 5 
831 5 
834 9 
838 8 
838.0 
841 6 
840 4 
825 6 
834 1 
834 7 
837 4

848 4 
842 8 
841 6

.. . .

-

Deviation from 
Weighted Mean

Geneva

Meters 
+19 4 
+23 7 
+11 1 
— 1 4 
+ 64 
+ 43 
+ 09

9 6 
24 5

— 8 2 
— 1.6

+ 62 
+ 30 
+ 45 
— 6 1 
+ 53 
+111 
+ 22

5 4 
-19 3

+ 1 0 
+ 23 
+ 62 
+ 72 
+ 1 6 
— 9 7

8 7

— 5 3 
— 1 4 

1 3
+ 1 4 
+ 02 
—14 6 
— 6 1 
— 5 5 
— 2 8

+ 8.2 
+ 2,6 
+ 1 4

St Bernard

Meters — 5 4' 

+ 33 
— 2 0 
— 8 1 
—21 6 1 

—11.2 
— 0 1

7 4 
21 9

— 9 3 
- 6 9

+ 1 9 
+ 60 
+ 59 
+ 03 
— 2 4 
+ 32 
— 2.1

4 1 
15.2

i
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TABLE XVIII—Continued.

Place and Tune of Observa­ 
tion

SEBBAVAL — Continued 
1853

21— 8a m ..... - 
21— 12m .... ....

Weighted Mean - -

CHAMOUNIX

1857

2— 12m . ... .. - 
2— 2p m . .... 
2— 4p m - -- ... - 
2— 9p m .... . 
3— 6a.m .... .. -
3— 10a.m .... 
3— 9 p m . . . . -

4 — 4pm ... 
4 — 10 p m .... . -

"Weighted Mean . -

BODEG ST 1'IEKKK

1855 
July 28 — 6pm ...

29— 6am . 
1 29— 10a.m .. . . 

29— 6pm. . . 
29 — 8p m 
30— 6 a. m . . .

30— 2p m . ... 
30— 8p m . 
31— 6a.m .. 
31— 8a.m ...... 

Aug 5— Gp m ... - 
5 — 8pm ... 
5 — 10 p m .... 
6— 8a m. ..... . 
6— 10a.m ..... 
6— 12m ..... . --

Weighted Mean

Altitude 
by New 
Method

Meters 
835 6 
845 1 
847 8

836 9

1, 039 4 
1,043 8 
1, 040. 2 
1, 037 8 
1,036 3 
1, 038 1 
1,042 3 
1,036 3 
1, 042 3 
1, 043. 7 
1, 039 0

1, 039 9

1,636 2 
1, 635 2 
1, 635 8 
1,637 2 
1, 636 8 
1, 638 2 
1 635 9 
1, 639 6 
1 644 9 
1,636 5 
1, 640 4 
1, 642 4 
I, 633 7 
1.629 9 
1, 632 0 
1, 638. 3 
1,640 4 
1,643 3 
1,641 1 
1, 639 3 
1,641 9 
1,643.5

1, 633..S

Deviation 
from 

"Weighted 
Mean

Meters 
— 1 3 
+ 82 
+10 9

5 3 
25.1

— 0 5 
+ 39 
+ 03 
— 2 1 
— 3 6 
— 1 8 
+ 24 
— 3 6 
+ 24 
+ 38 
— 0 9

1.4 
7.5

— 2 6 
— 36 
— 3 0 
- 1 6 
— 2 0 
- 0 6 
— 2 9 
+ 08 
+ 6 1 
— 2.3 
+ 1 6 
+ 36 
— 5 1 
— 8 9 
— 6 8 
— 0 5 
+ 16 
+ 45 
+ 2.3 
+ 05 
+ 31 
+ 4.7

3 1 
15.0

Altitude by Planta- 
mour, the Base Sta­ 
tion being-

Geneva.

Meters 
831 3 
845 9 
846.2

840 2

1,045.4 
1, 051. 6 
1, 046. 4 
1,041 6 
1,044 0 
1,048 7 
1, 053 1 
1, 039. 2 
1,039 5 
1, 048 1 
1, 035 8

St Bernard

Meters

1,041 0 
1, 040. 3 
1, 042 9 
1, 050 8 
1,034 3 
1, 029 4 
1, 038 7 
1,046 2 
1, 051 5 
1, 041 5 
1, 052 5

1,044.1

1,650 5 
1,644 5 
1,644 8 
1,644 8 
1,636 3 
1,641 8 
1, 639 4 
1, 646 6 
1,661 5 
1, 639 6 
1, 639 9 
1, 637 4 
1, 648 8 
1,645 6 
1, 643 5 
1,634 4 
1, 642. 0 
1,646 4 
1, 648 5 
1,648 5 
1, 650 i 
1,653.4

1,635 3 
1, 136. 8 
1, 636 5 
1,6354 
1,642 3 
1, 641. 0 
1, 639 2 
1, 639 4 
1, 639 b 
1,644.3 
1,643 0 
1,640 5 
1, 635 5 
1,630 6 
1,634 7 
,647 0 
,638 3 
,639 6 
,635 3 
,640 2 

1, 641. 9 
1,640 3

1,640 1

Deviation from 
Weighted Mean

Geneva

Meters 
— 8 9 
+ 57 
+ 60

4 9
22 8

+ 1 3 
+ 75 
+ 23 
— 2.5 
— 0 1 
+ 46 
+ 90 
— 4 9 
— 4 0 
+ 40 
— 83

4 5 
15 8

+10 4
+ 44 
+ 4 7 
+ 47 
— 38 
+ 1 7 
— 0 7 
+ 6 5 
+21.4 
— 0 5 
— 0 2 
— 2 7 
+ 87 
+ 55 
+ 34 
— 5 7 
+ 25 
+ 63 
+ 84 
+ 84 
+10 2 
+13 3

6 1 
27.1

St Bernard.

Meters

— 3.1 
— 3.8 
— 1.2 
+ 6 7 
— 9 8 
—14 7 
— 5 4 
+ 2 1 
+ 74 
— 2 6 
+ 84

6.9
23 i

— 4 8 
— 3 3 
— 3 6 
— 4 7 
+ 22 
+ 09 
— 0.9 
— 0 7 
— 0 5 
+ 42 
+ 29 
+ 04 
— 4 6 
— 9 5 
— 5 4 
+ 69 
- 1 8 
-05 
- 4 8 ! 
+ 0 1 
+ 18 
+ 02

2 9 
16 4
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TABLE XVIII—Continued.
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Place and Time of Obser­ 
vation

CAOTINE DB 1'EOZ. 
1855.

31— 2p m ....

31— 8pm . .-... 
Ang 1 — 6 a. m . .... 

1 — 8pm ......

6 — 8p m . .... .

Weighted Mean .....

Altitude 
by New 
Method.

Meters 
1, 808. 1 
1, 811. 8 
1,809 0 
1 805 7 
1, 803 5 
1, 806. 4 
1, 799. 4 
1,805 4 
1, 806 9 
1, 807. 7 
1,805 0

1,806 2

Deviation 
from 

Weighted 
Metm

Meters 
+ 19 
+ 55 
4-28 
— 0 5 
— 2 7 
4-02 
- 6 8 
— 0 8 
4-07 
4-15 
— 1 2

2 2 
12 3

Altitude by Plonta- 
moor, the Base Sta 
tion being —

Geneva.

Meters 
1,805 1 
1,806.4 
,806 3 
,801 5 
,799 2 
,791 3 
,788 2 
,785 7 
.809 3 
,806 9 
,797 3

St. Bernard

Meters 
1,800 6 
1, 810 9 
1, 810 4 
1,812 2 
1, 808 9 
1, 812 7 
1, 808 5 
1,815 5 
1,807 9 
1,811 6 
1,809 6

1, 808 9

Deviation from Weight­ 
ed Mean

Geneva

Meters 
— 3 8 
— 2.5 
— 2 6 
— 7 4 
— 9 7 
—17 6 
—20 7 
—23 2 
4-04 
— 2 0 
—11.6

9 2 
23 6

St. Bernard

Meters 
— 23 
4-20
4- 1 5 
4-33 

0 0 
4-38 
— 0 4 
4-06 
— 1 0 
4-27 
4-07

2 2 
8 9

In this case, as in the case of Colonel Williamson's observations, there 
is no absolute standard of comparison. The individual determinations 
of each station by the new method are compared with their own weighted 
mean, and the individual determinations of each station by Planta- 
mour's method are compared with the weighted mean deduced by him. 
It would be more satisfactory if it were possible to compare each deter­ 
mination of altitude with an independent determination made by more 
precise methods, but as this is impossible, the only practicable criterion 
of precision is the internal harmony of each series of results. This is 
shown in the table by the lines entitled "Mean" and "Kange", where 
the average residual and the range of variation are exhibited.

In Table XIX the mean residuals shown by the preceding table to 
appertain to the determinations of the altitudes of the several stations, 
are brought together, and with them are conjoined the approximate 
heights of the air columns comprised between the new stations and the 
two bases. In the space assigned to Plantamour's results the first col­ 
umn exhibits the mean residuals of those determinations in which he 
used Geneva as a base station ; the second column exhibits the cor­ 
responding means for the results obtained with the use of St. Bernard 
as a base station; and the third column shows the mean residuals result­ 
ing from the use of both stations, its numbers being the arithmetic means 
of the corresponding numbers in the first and second columns. It will 
be observed that each of the numbers of this third column is greater than 
the corresponding number of the final column, which shows the mean 
residuals by the new method, while of the eleven numbers in the pre­ 
ceding two columns there are only two which are less than the cor­ 
responding numbers in the column derived from the results by the new
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method. That is to say, in eleven sets of comparative computations, 
two only show smaller variations by Plantamour's method. There is 
one which shows the same variation, and. the remaining eight show 
greater variations. The general means at the bottom of the table give 
5.7 meters as the average residual of the entire series of Plantamour's 
results given in Table XVIII, and 3.5 meters as the average residual of 
the corresponding series of results by the new method, and it is probable 
that the ratio of 3 to 5 may fairly be taken as indicative of the relative 
precision of the two methods.

TABLE XIX.

Summary of Altitude Determinations in the Alps, showing Average Variation of
Results.

New Station

Evolena . . ... ....
Hospice de la Grimsel .

Chamoumx ....
Bourg St Pierre . . .
Cantine de Proz . .....

Mean ....

Approximate Ver-
tween New Sta­ 
tion and—

Geneva

Meters
970

1,470
430
630

1,230
1,400
1,020

St Ber­ 
nard

Meters
1,100

600
1,640
1,440

840
670

1,050

Number 
of

Results

7
9

22
11
22
11

Mean Residual

By Plantamour, from—

Geneva.

Meterg.
9 6
5.4
4 9
4 5
6 1
9 2
6 6

St Ber­ 
nard

Meters
7 4
4 1

5 9
2 9
2 2

4 5

Geneva 
andSt 

Bernard

Meters
8 5
4 7

5 2
4 5
5 7
5 7

By New
Method

Meters
5.2
4 0
5 3
1 4
3 1
2 2
3.5

TABLE XX 
Summary of Altitude Determinations in the Alps, showing Eange of Eesiilts

New Station.

Vertical Space be­ 
tween New Sta­ 

tion and —

Geneva.

Meters, 
970 

1,470 
430 
630 

1,230 
1,400

1,020

St Ber­ 
nard

Meterg 
1,100 

600 
1,640 
1,440 

840 
670

1,050

Range of Variation of Computed Alti­ 
tudes

By Plantamour, from —

Geneva

Meters 
24 5 
19 3 
22 8 
15 8 
27 1 
23 6

22 2

St Ber­ 
nard

Meters 
24 9 
15 2

23.1 
16 4 

8 9

17 7

Geneva 
and St 
Bernard

Meters 
45 3 
20 4

23 7 
30 9 
29 8

30 0

By New 
Method

Meters 
18 9 
18 0 
25.1 
7 5 

15 0 
12 3

16 1

Table XX gives a similar summary of the indications to be derived 
from the range of variation of the several series of determinations.
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Here again the advantage appears to be with the new method, but less 
decidedly. Of the eleven cases of comparison there are three in which 
Plantamour's results exhibit a smaller range than their competitors, 
and eight m which their range is greater, while in the line of general 
means their ratio is approximately that of 4 to 5, the difference- being in 
favor of the new method.

TABLE XXI. 

Summary of Altitude Determinations in the Alps: Comparison of Computed Altitudes.

New Station

Serraval . ....
Chamonnix
Evoleiia . . . .
St Pierre .
Proz .. . ..

Computed Height above Sea Level

By Plantamonr, from —

Geneva 
(mean)

U)

Meters.
840 2

1, 044 9
1, 337 8
1,645 0
1, 799 7 
1, 879 2

St Her 
nard 

(mean).

(B)

Meters
...
1, 042 7
1, 372. 1
1, 034. 4
1,810 4 
1, 876 8

G-eneva 
andSt 
Bernard 

[weighted 
mean)

(Oi

Meters
840 2

1,044 1
1, 378 0
1,640 1
1, 808 9 
1,877 3

By New 
Method 

(weighted 
mean)

(0

Meters
83C 9

1, 039 9
1, 373 8
1, 633 8
1, 806 2 
1, 876 1

Excess of Plantamour's Ee- 
suits above those by New 
Method

Geneva

(A-D)

Meters
+ 33
+ 50
+ 14 0
+ 02
- 0 5 
+ 31-

+ 42

St Ber­ 
nard

(B-D)

Meters

+ 28
- 1 7
- 4 4
+ 42 
+ 07

+ 03

Geneva 
andSt 

Bernard

(0-D)

Meters
+ 33
+ 42
+ 48
+ 1 3
+ 27 
+ 1 2

+ 29

It is instructive to extend the comparison one step farther and place 
in juxtaposition the absolute determinations of altitude by the two 
methods. This is done in Table XXI, where for each station there 
are given, first, the mean of all Plantamonr's determinations with Ge­ 
neva as a base; second, the mean of all his determinations with St. 
Bernard as a base; third, Plantamour's weighted mean deduced from 
the discussion of all his determinations from both bases; and, fourth, 
the weighted mean deduced by the new method. In three additional 
columns a series of residuals are given, which were obtained by subtract­ 
ing the mean altitude by the new method from the several means ob­ 
tained by Plantamour's method. From these residuals it appears, first, 
that the determinations of height by the new method correspond on the 
average with Plantamour's determinations based upon St. Bernard, while 
they are decidedly smaller as a rule than Plantamour's determinations 
with Geneva as a base; second, that in every instance the determination 
by the new method falls below Plantamour's weighted mean, the aver­ 
age difference being about three meters. This latter result indicates 
some defect of a constant nature in one system or the other. If it is in 
Plantamour's, it probably lies in his somewhat arbitrary assumption that 
two-thirds of his temperature correction should be assigned to the lower 
station and one-third to the upper. If it pertains to the new method, it
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undoubtedly inheres in the constant, the value of which has not yet been 
satisfactorily established. That value of the constant which would pro­ 
duce the best accord with Plantamour's results is 330,000 feet, being 
160,000 feet less than the one provisionally adopted.

This test and the third of the series of tests derived from Whitney's 
observations are especially valuable because they involve that variety 
of station which must always be met in the actual use of any barometric 
method. The comparisons by means of Williamson's and Whitney's 
permanent stations are in danger of being vitiated by errors of local 
origin.

A further interest is given to the Alpine test by the fact that Planta- 
mour distinctly recognises the principle upon which the new method is 
based, but applies it in a different way. He even goes so far as to com­ 
pute for each hour of observation at the new station the difference in al­ 
titude of the two base stations for the purpose of ascertaining the condi­ 
tion of the intervening air column; but instead of using this information 
directly, he endeavors to apply it indirectly by investigating the tem­ 
perature and gradient. He attacks the problem in detail instead of in 
its totality, and the fact that his result is comparatively unsatisfactory 
is to be ascribed to the almost limitless complexity of the factors in­ 
volved, eluding the analysis even of so skillful an investigator as the 
Genevan professor.

COMPARISONS BY MEANS OF OBSERVATIONS AT MOUNT WASHINGTON.

It has already been stated that the preceding series of computations 
were undertaken because they afforded a means of comparing the work 
of the new method with the work of other barometric methods as ex­ 
hibited by their authors and advocates. The value of the result is some­ 
what impaired, however, by the fact that none of the groups of stations 
are strictly appropriate to the execution of such a test. Placerville and 
Hope Valley are 46 miles apart, Summit and Sacramento 77 miles, Ge­ 
neva and St. Bernard 55 miles; and each of these distances introduces 
into the problem a large element of gradient, alike annual, perennial, 
and non-periodic. Neither the new method nor any of the three with 
which it has been compared undertakes to eliminate this gradient, and 
the presence in all the computations of a considerable error derived from 
this source cannot but have the effect of obscuring the actual accomplish­ 
ment of each scheme of devices in the elimination of the errors to which 
it is theoretically adapted. Search was therefore made for a locality 
where the test might be repeated with base and new stations all com­ 
prised within a small radius, so that no considerable gradients, aside from 
those with a diurnal period, could enter; and Mount Washington was 
found to answer the purpose.

In the year 1873 the United States Signal Corps, under the direction
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of the late General A. J. Myer, conducted a series of hourly observations 
extending through the month of June at four stations upon the summit 
and flank of Mount Washington. The vertical space between the high­ 
est and lowest stations was about 3,600 feet, and the horizontal distance 
3 miles. The observations were published in full in the Annual "Report 
of the Chief Signal Officer, and numerous accessory data pertinent to 
the purpose of the writer have been furnished him from the original 
manuscript records through the courtesy of the present chief, General 
W. B. Hazen.

The stations are indicated by numbers, Station 1 being upon the sum­ 
mit of the mountain, Station 4 at its base, and Stations 2 and 3 upon 
the intervening slope. The altitude of Station 1 above the ocean has 
been determined by spirit level to be 6,285.4 feet,* but the other stations 
have not been connected by leveling. By means of simultaneous baro­ 
metric readings at Station 1, Station 4, and Portland, Maine, the alti­ 
tude of Station 4 has been computed by the new method, and with 
Station 1 and Station 4 as bases the altitudes of the intervening sta­ 
tions have been similarly computed. The relations of the four stations 
appear by the following tablet:

Above 2.

779

Above 3

2,355
1,576

, 
Above 4

3,607
2,828
1,252

The month of June, 1873, witnessed no notable storm, but its variety 
of weather nevertheless left room for selection; and the meteorologic 
record was carefully examined for the purpose of choosing the portion 
of it most favorable for hypsometric determinations. A period of eight 
days, beginning with the 22d and closing with the 29th, was selected as 
one of exceptional quiet, involving less wind than any similar period 
in the month, and therefore offering a series of observations com­ 
paratively free from non-periodic gradients. The observations for these 
days were plotted upon section paper for convenience of scrutiny, and 
all which revealed themselves as anomalous were investigated tor the 
detection of errors of observation or reduction. A number of errors

* This is the altitude reported in connection with the record of observations. Its 
accuracy has recently been brought in question by the Signal Office, and it is possible 
that a correction to it will be made.

tThe determinations given in the table were made at the commencement of this 
investigation; and sonic of the observations on which they are based were afterward 
ascertained to be untrustworthy. They are therefore not the best which could be de­ 
duced. The work was not repeated, first, because amore accurate set of determinations 
could not modify the result of the comparative test, and second, because the uncer­ 
tainty affecting the altitude of the summit station rendered a satisfactory set of deter­ 
minations impracticable.
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of both kinds were detected and corrected,* and the observations were 
then made the basis of a series of computations for the purpose of illus­ 
trating the relative precision of different hypsometric methods.

* To any person who in the future may have occasion to use the observations pub­ 
lished on pages 687 to 757 of the Annual Report of the Chief Signal Officer for 1873, 
it will be advantageous to note the following corrigenda. They all apply to the 
numbers in the column headed "Corrected barometer."

Page 687, Station 2, 1 a. m , for "24.633" read 24.731 
Page 687, Station 2, 4 a. IB., for "24.784" read 24.684. 
Page 691, Station 2, 10 p. m., for "24.571" read 24.671 
Page 698, Station 1, 8 p. m., for "23.541" read 23.521. 
Page 705, Station 2, 4.57 p. m., for "24.500" read 24.700. 
Page 705, Station 1, 7 p. m., for "24.020" read 24.024. 
Page 707, Station 1, 7 a. m., for "24.993" read 23.993 
Page 711, Station 3, 3 a. m., for "28.856" read 25.856. 
Page 713, Station 2, 8 p. m., for "24.450" read 24.480 
Page 713, Station 3, 4 a. m., for "26.999" read 25.999 
Page 713, Station 2, 6 a. m , for "24.442" read 24.542. 
Page 714, Station 1, 1 p. m., for "23.890" read 23.876 
Page 719, Station 4, 12 m., for "27.240" read 27.249. 
Page 719, Station 4, 4.57 p. m., for "27.081" read 27.181 
Page 734, Station 1, 12 p m , for "23.469" read 23.489 
Page 735, Station 4, 4 a. m., for "23.496" read 23.498 
Page 739, Station 3, I a m., for "26.111" read 26 121. 
Page 739, Station 4, 4 a. m., for " 27.367 " read 27.387 
Page 742, Station 3, 5 a. m , for "26.183" read 26.173 
Page 742, Station 1, 7 a m , for "23 942 " read 24.042 
Page 743, Station 3, 4.57 p. m., for " 26 154 » read 26.194 
Page 743, Station 3, - 6 p m., for "26 100" read 26.200 
Page 746, Station 3, 5 a m., for " 26.489" read 26.389 
Page 748, Station 2, 2 a. m , for "24 781" read 24 739 
Page 749, Station I, 11 a. m , for "24.985" read 23.985 
Page 749, Station 1, 12 m., for " 24.965 " read 23.965. 
Page 749, Station 2, Ip m., for "24.733" read 24.633 
Page 751, Station 4, 2 a. m., for "27.112" read 27.012 
Page 752, Station 1, 1 p. m., for " 27.742" read 23.742

In all these cases the error of the printed numbers is demonstrated by comparing 
them with the published unconnected barometer readings and the published readings 
of the attached thermometer. There are, however, a number of instances in which 
the published figures are manifestly erroneous, yet do not afford the data for their 
own correction. In every such case the recorded reading was rejected, and one more 
accordant with its companions in the series was substituted for use in the computa­ 
tions. These changes were made sparingly and cautiously, and it is believed that no 
aberration of natural origin has been referred to an error of observation,—but that, on 
the contrary, a large number of errors of observation were passed by. Only three of 
these arbitrary changes affect observations of the eight-day series described in the 
text in this place, but all of them affect the data of computations made for some por­ 
tion of the present paper. In the following enumeration no attention is paid to the 
figures of the column headed "Barometer," although they need to be similarly mod­ 
ified The quoted figures are from the column headed " Corrected barometer "

Page 688, Station 1,11 a. m., for "23 827" substitute 23.877 
Page 689, Station 1, 8 p. m , for " 23.746" substitute 2J.846.
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In the conduct of this inquiry two limits were recognized. In the 
first place, since the new method aspires to supersede antecedent methods 
only in the performance of such work as falls to the lot of surveys— 
work in which many new stations are to be determined in a restricted 
area—no methods were considered which appeared inapplicable to that 
object. The sole case considered was that in which a single observa­ 
tion at a new station is compared with a single observation at a base 
station, or at each of several base stations, with such aid as may be 
derived from the other observations of a continuous series at the base 
stations. Restricted as this problem appears to be, it is nevertheless 
the one which practically arises in nine-tenths of the hypsometric work 
performed with the barometer.

The second limit confined attention to methods known to be actually 
in use, for manifestly it would be a work of supererogation to undertake 
in this place to test the efficiency of those tentative methods which have 
not in practice won a place for themselves.

The methods in actual use which are adapted to the ordinary needs 
of geographic work fall readily into two classes, the first of which em­ 
ploys in the computations only the data afforded by the field notes, while 
the second adds to these data certain empiric corrections derived from 
long series of observations. Of the first group, the method of William- 
son is a representative; and since, in the opinion of the writer, it has 
no superior in its class, it was selected as a typical example to be used 
in the comparison. The second class includes among others the systems 
of Plantamour and Whitney; and while its members differ somewhat in 
their manners of deducing and applying empiric corrections, they attain 
so nearly the same result that it matters little which one is selected as 
representative. The one already described as devised by Whitney was 
employed, the selection being determined chiefly by the fact that his 
method of procedure is so fully and clearly set forth that it can be re­ 
peated without danger of mistake.

Page 689, Station 4, 8 p. m.,for "27.208" substitute 27.228. 
Page 698, Station 1, 6 p. m.,for"23 561" substitute 23.511. 
Page 700, Station 2, 4.57 p.m., for "24 452" substitute 24.352 
Page 707, Station 1, 6 p. m., for "24.016'' substitute 23 916 
Page 714. Station 1,10 a m , for"23.925" substitute 23.825 
Page 718, Station 1, 7 a m.,for "24.012" substitute 23.912 
Page 720, Station 1, 1 a. m., for "23.910" substitute 23.810. 
Page 720, Station 1, 2 a m , for "23.905" substitute 23.805 
Page 721, Station 2,11 a m , for "24 440" substitute 24.460 
Page 722, Station 4, 9p m., for "27 072" substitute 27.052 
Page 732, Station 4, 1 a. m., for " 26.909" substitute 26.809 
Page 733, Station 2, 6 p. m., for " 24.219" substitute 24.241 
Page 734, Station 1,10 p m., for " 23.491" substitute 23.541.. 
Page 735, Station 4, 6 a. m., for "26.961" substitute 27.011. 
Page 735, Station 1, 7 a. m., for "23.646" substitute 23.546 
Page 739, Station 4, 3 a. m., for "27.342" substitute 27.372. 
Page 745, Station 2,12 m., for " 24.906" substitute 24.945. 
Page 747, Station 2, 3 p. m., for " 24.926" substitute 24.860.
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The restriction of the problem to the case in which only a single ob­ 
servation at the new station is employed made it impracticable to apply 
Williamson's method in its entirety, for he introduces a correction for 
the diurnal oscillation of the barometer at the new station, and that 
correction can be determined with accuracy only by the aid of a series 
of observations of some extent. He does not recommend the occupa­ 
tion of each individual station for the period necessary to determine its 
diurnal pressure cycle, but uses instead the known cycle of some other 
station conceived to be characterized by the same conditions; and there 
is a sort of uncertainty attaching to this practice which it was imprac­ 
ticable to represent in this series of computations. By omitting all cor­ 
rection for diurnal oscillation, an apparent injustice is done William- 
son's method: but if the observations were corrected by means of diurnal 
curves derived from the same observations, an equally unfair advantage 
wonld be given, because no such facilities are afforded in practical hyp- 
sometry. The uncertainty attaching to the substitution of the diurnal 
pressure curve of one locality for that of another is so great that I am 
disposed to doubt the advantage of Williamson's "horary correction" 
in all cases where the new station affords but a single observation.

Failing thus to apply all of Williamson's rules in the computations, I 
have hesitated to connect Ms name with the results. Suffice it to say 
that while it is probable that they fairly represent the application of his 
system to the postulated case, it is nevertheless possible that in gen­ 
eral practice his method would appear in a more favorable light.

In the application of Whitney's method there was no similar diffi­ 
culty. The Californian tables were not employed, because their use is 
restricted by their author to the vicinity of the Sierra Nevada, but a 
special table was constructed for the time and place in a manner pres­ 
ently to be detailed.

The observations having been freed from error, so far as practicable, 
and the plan of comparison having been arranged, the computations 
were then performed in the following manner:

In the first place the altitude of Station 2 was computed by the new 
method, making use of Stations 1 and 4 as bases, and a separate determi­ 
nation was made for each hour of the day for the period of eight days, 
making 192 independent determinations. The same work was then re­ 
peated with Station 3, giving a total of 384 determinations by the new 
method.

Colonel Williamson's method was then applied to the determination 
of the heights of Stations 2 and 3, first with Station 1 as a reference 
station or base and then with Station 4. The total number of these de­ 
terminations was 768, and each of them was comparable with one of the 
determinations by the new method. The method of computation was 
as follows: An approximate difference of altitude was first derived from 
the barometer readings by the aid of Williamson's Table Dt. To this a 
correction for temperature was then applied, the correction being fur-
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nished by his Table Dn, and being determined by the mean temperature 
of the day instead of the temperature of the hour. That is to say, for 
each of the eight days computations were made of the mean temperatures 
at the base station and new station, and the half sum of these tempera­ 
tures was taken to represent the mean temperature of the air column for 
each of the twenty-four hours of the day. The correction for moisture 
was determined from the means of the psychrometer readings for each 
day, and was found to be so nearly uniform that no distinction was neces­ 
sary, and the same correction was therefore applied to all the determina­ 
tions of each station. The corrections for gravity were regarded as 
constant at each station through the entire period.

In the application of Whitney's method the first process was the same 
as in the case of-Williamson's, but in the determination of the correction 
for temperature, the thermometer readings at the two stations at the 
individual hours were employed instead of the daily means. No correc­ 
tion was applied for humidity, and the corrections for gravity were re­ 
garded, as before, as constant. Finally a special empiric correction was 
added, which had been derived from the observations for the entire month 
in the following manner: Monthly means were taken of observations of 
pressure and temperature made at Station 1 and Station 4, at the hours 
of 3,6,9, and 12 a. m. and 3,6,9, and 12 p. m., and from these means eight 
values of the difference of altitude were obtained, the method of com­ 
putation being identical with that afterward employed for the individ­ 
ual observations. These values were compared with the assumed al­ 
titude (3,607 feet) and the differences were called corrections. By the 
aid of a plotted curve their irregularities were slightly diminished 
and values were interpolated for the remaining hours of the twenty- 
four. These corrections were applicable directly to computations of the 
difference in altitude of Stations 1 and 4, and in applying them to the 
smaller intervals involved in the determination of Stations 2 and 3 they 
were proportionately diminished.

It will be observed that the stations upon which the table of correc­ 
tions was based are the same stations afterward used as bases or 
reference stations m the computations, and it is also true that the new 
stations lie in the direct line between them. The series of observations 
affording the table include the series of observations to which the cor­ 
rections were applied. The table, therefore, was not merely adapted to 
the White Mountains and to the average month of June, but to the 
specific locality and to the individual June from which the illustrative 
computations were made. It cannot often .occur in the use of a system 
involving empiric corrections that the conditions under which it is ap­ 
plied are so favorable.

In the comparison of the various results of these computations the 
lack of an independent and trustworthy standard had again to be re­ 
gretted, and no better measure of precision was afforded than the inter­ 
nal harmony of the several series of determinations. The mean of each
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series was calculated independently and was then subtracted from the 
several individual determinations. The series of differences thus ob­ 
tained were then added so as to show the sum of each series independ­ 
ently of sign, and the several sums were, divided by the number of 
terms. Each quotient gave the mean residual of a series of 192 deter­ 
minations. The publication of the individual determinations of altitude 
is omitted by reason of their great number, and because the absence 
of a standard determined by leveling deprives them of any permanent 
value. The mean residuals are given in Table XXII. Each of the in­ 
termediate stations (2 and 3) was computed by the older methods by 
reference to Station 1 and Station 4 separately, while the new method 
used the two base stations conjointly. Each individual determination 
by the new method was therefore comparable with tw"o distinct deter­ 
minations by each of the others. In the table a single column only is 
given to the residuals by the new me thod, while each of the other methods 
is furnished with two columns for the corresponding residuals and a 
third to exhibit the mean of the preceding two.

TABLE XXII.
Comparison of Barometric Methods by means of Computations from Observations at 

Mount Washington, N. H., in June, 1873.

New Station

Station 2 . . - - - 
Station 3 ...

Average Deviation from Mean of 192 Determinations

By New 
Method, 
Station! 
and Sta­ 
tion 4 as 

Eases

Feel 
11 8 

8 0
10 4

By Method with One Base 
Station and No Empiric 
Correction (Williamson.)

Referred to —

Station 1

Feet 
15 1 
21 8

Station 4.

Feet 
15 8 

7 9

Mean 
of two
series

Feet 
15 5 
14 9
15 2

By Method with One Base 
Station and Local Empiric 
Correction (Whitney )

Referred to—

Station 1

Feet 
14 4 
18 1

Station 4

Feet 
13 5 
9 9

Mean 
of two 
series

Feet. 
14 0 
14 0
14 0

The general result, as indicated by the footings, is that the average 
residual afforded by the determinations when one base station is em­ 
ployed and no empiric correction is used is 50 per cent greater than 
the residual when two base stations are employed by the new method; 
aud that when the method with a single base station is modified by the 
use of local empiric corrections, the average residual is 40 per cent 
greater than that obtained, with two bases.

After Table XXII had been prepared and the preceding paragraph 
had been written, the discovery was made that the observations on 
Mount Washington w?re affected m a peculiar and systematic way by 
certain high winds, so that a considerable share of their error is of an
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exceptional nature and so far avoidable that it may be considered not 
to aft'ect the hypsometric problem strictly considered. A full account 
of this influence of the wind will be found in the fourth section of Chap­ 
ter IV. In order to make sure that this special condition did not vitiate 
the conclusion reached above in regard to the comparative accuracy of 
hypsometric methods, the full series of 192 determinations was scruti­ 
nized with reference to the associated wind, and each determination 
made at a time "when the wind at any one of the four stations exceeded 
ten miles per hour was rejected. The remaining determinations (which 
number 74 in each series) were then discussed by themselves in the 
same manner as the entire series had previously been. Their mean 
residuals are given m Table XXII bis.

TABLE XXII 6t«

Comparison of Barometric Meth.odsJ>y means of Computations from a Selected Series 
of Observations at Mount Washington, N. H., in June, 1873.

New Station

Station 2 . . 
Stations . ..... . ..

General Mean .„. ..

Average Deviation from Mean of 74 Determinations

By New 
Method, 
Station 1 
and Sta­ 
tion 4 as 

Bases

. feet. 
1 1 
6 2
7 0

By Method with One Base 
Station and No Empiric 
Correction ( Williamson )

Referred to —

Station 1

Feet 
8.7 

17 6

Station 4

Feet 
17 7 

7 8

Mean 
of two 
series

Feet 
13 2
12.7
13 0

By Method with One Base 
Station and Local Empiric 
Correction ( Wnitney )

Referred to —

Station 1

Fact 
9 2 
9.2

Station 4

Feet 
12.9 
9 9

Mean 
of two
series

Feet 
11 0 
9 6

10 3

The result of the second comparison is even more favorable to the 
new method than that of the first. The mean residual of the determina­ 
tions by Williamson's method is 85 per cent greater than that by the 
new, and the residual by Whitney's is nearly 50 per cent greater. The 
new method does not suffer in comparison when the observations are 
improved.

COMPARATIVE COMPUTATIONS FEOM MONTHLY MEANS.

When single sets of observations, made at individual hours, are em­ 
ployed in the computations of heights, the results are subject to all 
sources of error, but if the observations are first grouped in certain 
ways, so as to obtain mean values, certain classes of errors are practically 
eliminated. When the means of all the observations on a single day 
are employed, the results are freed from errors having a diurnal period; 
when monthly means are employed, the, errors arising from non-periodic
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gradient are greatly diminished; and if annual means be employed, little 
remains but perennial gradient and constant errors dependent on tem­ 
perature. When long series of monthly means are used, the fact is 
developed that tbere are inequalities dependent upon season which tend 
to repeat themselves from year to year. The ability of the new method to 
eliminate such inequalities has been tested in Table XII, where its re­ 
sults are compared with those given by Whitney's tables, but its per­ 
formance in this regard has not yet been compared with that of the 
simpler hypsometric methods. Table XI indeed contrasts the results 
obtained by Williamsou and by the new method for certain Califorman 
stations in the months of June and January, but the result is unsatis­ 
factory. In the first place there is no fixed standard of comparison, and 
in the second the number of terms in each series of determinations is too 
small to exclude the possibility of fortuitous accordance or discordance. 
The series of observations and computations published by Williamson 
afford no material adapted to a more extended comparison, and indeed 
there appear to be no published observations well suited to the pur­ 
pose, but the need is partially met by the observations published by 
Whitney. Those observations cover a period of thirty-five months, and, 
as published, afford monthly means of barometric pressure and atmos­ 
pheric temperature. They do not, however, contain the data necessary 
to the computation of the correction for humidity, and they therefore 
fail to accord to such a method as that of Williamson the means of pro­ 
ducing its best results. When the observations at individual hours 
are considered it is probable that the harmony of results is enhanced 
by ignoring the psychrometric observations, but when monthly means 
furnish the data for computation there is an advantage in employing 
them. Despite this defect, the Californian observations are the best 
available, and a series of computations has accordingly been made from 
them.

For each of the thirty-five months a determination of the altitude of 
Colfax has been made by using Sacramento and Summit as bases, and 
the error of each determination has been ascertained by subtracting 
from it 2,399 feet—the difference in altitude established by leveling. The 
altitudes and errors are given in full in Table XXIII. The comparative 
computations were notmade bythe writer,because that work had already 
been performed by Professor Whitney. His results, with their corres­ 
ponding errors, were transferred from pages 75-79 of his treatise, and 
incorporated in the same table (XXIII). They form two series: the first 
gives the determinations of Colfax when Sacramento was used as a base 
station ; the second when Summit was thus used.

In the computations by Professor Whitney the tables of Williamson 
were employed for all elements except the temperature and humidity, 
and Guyot's formula was applied for the derivation of the temperature 
corrections.
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TABLE XXIII.
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Comparative Determinations of the Altitude of Colfax above Sacramento, Cal., from 
Monthly Means of Thrice-daily Observations.

Date. "

1870

December
1S71

May...... ............ ..

1872

May .. .................

July-... .................

1873.

May ........ ... .. ......

July. .......... .........

By New Method, from 
Sacramento and 
Summit.

Altitude.

Feet. 
2301. 0 
2380 5 
2301. 7

2398 1 
2304 9 
2301 3 
2386 3 
2409 5 
2410 3 
2420 2 
2415 0 
2411 6 
2412 1 
2380 9 
2398 8

2400 7 
2375 9 
2390 1 
2391 1 
2400 3 
2396 3 - 
2416 7 
2387 5 
2385 4 
2381 7 
2407 0 
2400 3

2371 6 
2357 3 
2378 0 
2402 0 
2387. 0 
2407. 1 
2402 0 
2400 4

Error

Feet 
— 8 0 
— 12 5 
- .7 3

— 09 
— 4 1 
— 7.7 
— 12 7 
+ 10 5 
+ 11.3 
+ 21 2 
+ 10 0 
+ 126 
+ 13 1 
— 9 1 
— 0 2

+ 17 
— 23 1 
— 8.9 
— 7 9 
+ 13 
- 2.7 
+ 17 7 
— 11 5 
— 13 6 
— 17 3 
+ 80 
+ 1 3

— 27 4 
— 41 7 
— 21 0 
+ 30 
— 12 0 
+ 81 
+ 30 
+ 14

10 8

By Old Method, the Base Station being—

Sacramento

Altitude

Feet. 
2393 4 
2386 5 
2389 5

2380 2 
2402.8 
2412 9 
2410 0 
2435 6 
2430 3 
2435 5 
2424 9 
2409. 0 
2398 9 
2389 9 
2400 9

2395.4 
2397 5 
2412.4 
2429 2 
2431 1 
2410 5 
2440 0 
2415 1 
2389 3 
2372 9 
2392 1 
2381 2

2393 3 
2402 8 
2417 3 
2472 8 
2454 4 
2474 7 ' 
2451 2 
2469 5

Error.

Feet. 
— 5 6 
— 12 5 
— 9 5

— 18.8 
+ 38 
+ 13 9 
+ 11 6 
+ 36 6 
+ 31 3 
+ 36 5 
+ 25 9 
+ 10 0 
— 0 1 
— 9.1 
+ 19

— 3 0 
— 1 5 
+ 13 4 
+ 30.2 
+ 32 1 
+ 17 5 
+ 41.6 
+ 16 1 
— 9 7 
— 20 1 
— 6 9 
— 17 8

— 5 7 
+ 38 
+ 18 3 
+ 73 8 
+ 55 4 
+ 75 7 
+ 52 2 
+ 70.5

22 8

Summit

Altitude.

Feet 
2454 3 
2462 1 
2479 0

2454 9 
2424 7 
2410 9 
2389 2 
2380 7 
2362 3 
2376 7 
2390 0 
2407 9 
2432 7 
2413 8 
2404 1

2433.0 
2372 3 
2392 9 
2391 0 
2391 1 
2371 3 
2375 0 
2382. 4 
2389 2 
2391 4 
2435. 5 
2449 5

2419 1 
2375 5 
2407 3 
2390 9 
2369 4 
2370 7 
2370 8 
2321 3

Error

Feet. 
+ 55 3 
+ 63 1 
+ 80 0

+ 55 9 
+ 25 7 
+ 11 9 
— 9 8 
— 18 3 
— 36 7 
— 22 3 
— 8 4 
+ 89 
+ 33 7 
+ 14.8 
+ 51

+ 34 0 
— 20.7 
— 6 1 
— 8 0 
— 7 9 
— 27.7 
— 23 4 
— 16 6 
— 9.8 
— 7 6 
+ 36 5 
+ 50 5

+ 20 1 
— 23 5 
+ 83 
— 8 1 
— 29 6 
— 28 3 
— 28 2 
— 77 7

20 5

The footings of the several columns of errors indicate that the hew
method is greatly superior to the old in its ability to produce uniform
results at different seasons of the year. The old method gives a better
series of determinations with Sacramento as a base station than with

32 G A
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Summit, but even in that case its average error is more than twice as 
great as that by the new method. The disparity is so great as to render 
it improbable that the comparison would be materially affected by the 
introduction of the humidity correction.

SUMMAEY.

By the preceding series of tests the new hypsometric method has been 
compared with the two general methods already in use. It will be con­ 
venient to designate these older methods by the words ordinary and 
empiric; indicating by the title ordinary the general method which em­ 
ploys a single base station only, and applies the formula of Laplace or 
that of Bessel with no special corrections not readily derivable from a 
short series of observations at the base station; and indicating by the 
title empiric the general method which introduces into the computation 
an empiric correction derived from a long series of observations made 
at two stations in the vicinity of the point to be measured.

The special procedure which has been used as an example of the or­ 
dinary method is that of Williamson, and its chief individual peculiar­ 
ities consist in the rejection of the thermometric and psychrometric ob­ 
servations at the moment of barometric measurement and the substi­ 
tution therefor of diurnal means of thermometric readings and weekly 
or monthly means of psychrometric readings. A point in California 
was found which had already been subjected to a series of determina­ 
tions by Williamson, and which was at the same time well conditioned 
for the application of the new method. Ninety corresponding deter­ 
minations by the new method afforded a mean error 53 per cent less 
than the mean given by the ordinary. A series of 384 computations 
from observations on the slopes of Mount Washington gave a mean 
error 32 per cent less than by the ordinary; and a series of 148 computa­ 
tions, selected from the last by reason of specially favorable conditions of 
observation, gave a mean error 46 per cent less than by the ordinary. 
In the case of the Californian work, the stations involved were at such 
distance that the observations and results were presumably largely in 
fluenced by cyclonic gradients; while at Mount Washington they were 
not. The tests at the second locality are therefore more valuable as in­ 
dicative of the ability of the two methods to eliminate those errors to 
which alone they are applicable. Doubtless, if the computations were 
repeated from observations in other localities, or from observations in 

, the same locality at another season of the year, notably different results 
might be obtained; but, 111 the absence of the necessary observations, 
we cannot do better than accept the Mount Washington results, and say 
that under conditions favorable to the application of both methods the 
substitution of the new for the ordinary reduces the error nearly one-half.
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In comparing the new method with the empiric, illustrations were 
derived from Whitney's work in California and from Plantamour's in 
the Alps, and a computation after the manner of Whitney was applied to 
the Mount Washington observations. Eighty-six comparative determin­ 
ations of Colfax, Cal., indicated a reduction of error by the new method 
of 35 per cent; 10G determinations of stations in various parts of Cali­ 
fornia indicated a reduction of 10 per cent; 82 determinations of stations 
in the Alps, a reduction of 39 per cent; 384 determinations at Mount 
Washington, a reduction of 26 per cent; and 148 determinations at 
Mount Washington, from observations not affected by wind, a reduction 
of 32 per cent.

Here again all the determinations, except those at Mount Washing­ 
ton, were exposed to the influence of cyclonic gradients, but in such way 
that it is impossible to say whether one method was favored more 
than the other. The weighted mean of all the indicated reductions is 
27 per cent, and from the data at hand we cannot do better than adopt 
that as the measure of the gain when the new method is substituted for 
the empiric.

All the computations referred to in the preceding paragraphs were 
based upon individual observations, and, with the exception of those 
for the determination of Colfax, were checked by no standards more au­ 
thoritative than their own mean results.

The period of observation for each of these series is so short that it 
cannot be considered to include those variations dependent upon season 
of year; but the comparison has been extended so as to develop the 
ability of the several methods to cope with them. From Table XI and 
Table XXIII if appears that the new method reduces, by about one-half, 
the error incurred by the application of the ordinary method to monthly 
means; and Table XII shows that it equals the performance of the em­ 
piric method under conditions especially favorable to the latter. The 
error related to the season is not so great as the error related to the day 
and hour, but it is still not unimportant, and the superior ability of the 
new method to cope with this gives it an added advantage over the.ordi- 
nary. Expunging, as compared with the ordinary, nearly one-half of the 
error related to the hour, and fully one-half of the error related to the 
season, it may with propriety bo credited with a diminution of the total er­ 
ror of a single computation by about one-half. Equaling the empiric 
method in its ability to obviate seasonal irregularities, its relative power 
to cope with the total eiror of an individual computation is approximately 
measured by its relative power to cope with that element of error which 
pertains to the hour—a power indicated, as wo have seen, by an im­ 
provement of 27 per cent.

If it be granted that the new method effects a reduction of one-fourth 
the error of the empiric and of one-half the error of the ordinary, it must 
of necessity be admitted that it is the more exact hypsometric method; 
but it does not necessarily follow that it will, or should, supplant them, for
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other conditions need to be satisfied. Of these we shall speak more 
fully in another chapter, here mentioning only the single consideration 
of cost. In the application of the ordinary method to the work of a 
survey, a barometer, or a number of barometers, are carried during the 
season of field operations from one new station to another and are read 
at each; during the same period a single base station is maintained 
continuously; and these are the only items of expense, unless it is also 
necessary to determine m some independent way the altitude of the base 
station. A similar application of the new method involves all these 
expenses, and, in addition, the cost of maintaining a second base station 
throughout the same period and of measuring with the level the difference 
in altitude of the two bases. For the similar application of the empiric 
method the outlay of the ordinary method is required during the season 
of field work, and it is additionally demanded that two stations in the 
vicinity shall have been antecedently maintained for a term of years. In 
every case, therefore, the empiric and new methods are more expensive 
than the ordinary, and in most cases the empiric is more expensive than 
the new. It may sometimes occur, as, for example, in the Alps, that the 
preliminary labors necessary for the application of the empiric method 
have already been performed for other purposes, and in such case that 
method can be as economically applied as the ordinary. It may also 
occur that the continuance of geographic work in the same district for 
a series of years will enable the empiric method to use for its base sta­ 
tions the identical observatories and observations employed for the de­ 
duction of its tables of corrections, and in such cases its expense is prac­ 
tically identical with that of the new method.

In the more frequent cases the empiric method is more expensive 
than the new, and there can be no reason for employing it. When 
circumstances place them on a parity in the matter of expense, the pre­ 
ference should go to the new method on the score of precision. But 
when the new method is compared with a less expensive application of 
the empiric, or with the comparatively inexpensive ordinary method, we 
may conceive that there will always be a weighing of utility versus cost, 
and various extraneous circumstances may determine the use of the one 
or the other.

The rarity of the circumstances which should lead to the preference 
of the empiric method may be supposed to narrow the choice in most 
cases to the ordinary on the one hand and the new on the other. As 
will be shown in the sequel, there is a considerable range of special 
cases in which the ordinary method can never be superseded by the 
new.



CHAPTER IV.
POSSIBLE IMPROVEMENTS.

• \
In the preceding chapters an attempt has been made to give the new 

method a rationale and a raison d'etre,—to show first that it is theoretic­ 
ally plausible, and second that it is practically successful. It has been 
pointed Out that while the hypsometric methods now in use strive to 
ascertain the momentary density coefficient of an air column in an indi­ 
rect way, by untrustworthy measurements of temperature and moisture, 
the new method undertakes to determine it by means of a direct meas­ 
urement of the simultaneous density coefficient of a partially coincident 
air column. It has been shown that the only arbitrary assumption in­ 
volved in the new departure—the assumption of a simple law for the 
vertical variation of the density coefficient—is so far unavoidable that 
it has been embodied in all the older practice. And it has been' shown 
by an expended series of comparative computations that the application 
of the new formula actually accomplishes a diminution of hypsometric 
error. In the present chapter it will be assumed that the new method 
is destined to find a .place in the hypsometric work of the future, and 
consideration will be given to the possibility of further developing it so 
as to increase its usefulness. Its merits having been sufficiently dwelt 
upon to establish its claim to recognition, its shortcomings will now be 
discussed with a view to their amelioration.

1. BEDETEEMINATION OF THE CONSTANT.

In the thermic term of the formula, —L-I—', the quantity D is a con­ 

stant, but it is not one which admits of determination from a priori con­ 
siderations. Its value can be learned only by applying the formula to 
the computation of known heights, from means of long series of obser­ 
vations. To accomplish this in a satisfactory manner it is necessary to 
nse a group of three stations whose differences in altitude are both 
great and known, and whose horizontal distances are small. There is 
no published long series of observations at stations fulfilling these con­ 
ditions, and the value assigned to D, 490,000 feet, is merely provisional. 
It was derived, as has already been explained, from a two years' series 
of observations made in California at a group of stations of which the 
extreme members are- 77 miles apart, and its accuracy is impugned by 
many considerations. In the first place, the values afforded by the two
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years, considered separately, are not closely accordant, while those af­ 
forded by the four half years into which the same series of observations 
may be divided are highly discordant. In the second place, the highest 
and lowest stations of the group are not merely widely separated, but 
one of them is in close proximity to the ocean, go that the observations 
are subject to the unfavorable influence, not only of non-periodic gradi­ 
ents, but of the annual and perennial gradients of a coast district, 
which theoretically are exceptionally great. In the third place, the 
leveling by which the altitudes of the stations were determined was not 
performed with special reference to this or any other scientific object, 
but merely for the less exacting needs of a railroad, and its guaranty of 
precision is insufficient. In the fourth place, a portion of the observa­ 
tions are of poor quality. The observers were chiefly occupied with 
other duties, and at two stations they were frequently changed. Their 
records are not perfectly continuous and are not free from patent errors. 
And, finally, the observations were restricted to the hours of 7 in the 
morning and 2 and 9 in the afternoon, and no other data exist for as­ 
certaining the daily means. In observations of atmospheric tempera­ 
ture, it has been found that readings at these three hours enable the 
daily mean to be computed with a high degree of precision, and this at 
all seasons of the year j but the same rule does not apply to observations 
of atmospheric pressure. The daily cycle of pressure has it maximum 
at different hours in different seasons and at different stations, and the 
mean of the readings at the hours of 7, 2, and 9 frequently differs from 
the mean for the day by amounts which affect hypsometric results to 
the extent of several feet.

In comparing computations by the new method with corresponding 
computations by Professor Whitney for the determination of altitudes 
at various points in California, there was found to be a difference of a 
constant nature which would be explained if it should be discovered 
that the middle station of the Californian group had been assigned by 
leveling too low an altitude. The effect of such an error upon the esti­ 
mate of D would be to mate it too great. In the comparison, too, of 
Alpine altitudes computed by the new method, with corresponding alti­ 
tudes computed by Professor Plantarnour, there was found a discrepancy 
of a constant nature which would be explained if the assumed value of 
the constant D were ascertained to be too large. There is therefore a 
presumption that its real value will eventually be found to be somewhat 
smaller than the one provisionally assigned it.

The desiderata for the final and satisfactory computation of the con­ 
stant are a series of barometric observations, made at every hour for a 
period of not less than two years, at three stations whose vertical rela­ 
tions are definitely known, the highest being separated from the lowest 
by a vertical space of several thousand feet and by a small horizontal 
space, and the intermediate station being approximately medial. An 
inland locality is preferable.
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The table appended to this paper as an aid to the computer in the 
use of the formula, is based upon the provisional value of the constant, 
and will need to be changed when a more satisfactory value is obtained. 
Its reconstruction will not be a matter of difficulty, since it will merely 
be necessary to multiply each of its corrections by a constant factor.

2. PROVISION FOE DITJKNAL PERIODICITY.

The factor of atmospheric density which finds expression in the 
thermic term of the formula 13 an inequality incited by the sun's heat. 
It would not be strange therefore if it should be affected by a periodicity 
dependent upon the periodicity of the reception of solar heat; and if 
it is, there would necessarily be a corresponding systematic inequality 
in the results given by the formula. Should such an inequality be dis­ 
covered, it would be possible to make a counteractive modification of 
the formula and thereby increase its efficiency. The two principal ther­ 
mic periods due to solar heat are the day and the year; and we will in­ 
quire, first, whether the altitudes computed by the formula exhibit any 
constant inequalities having a daily cycle.

To test the existence of a diurnal period we compute the same altitude 
by the aid of the same base stations at different hours of the day, and 
repeat the experiment for as many days and as many localities as prac­ 
ticable. If a diurnal change occurs it is easy to understand that it may 
vary in character or amount from place to place and from season to 
season.

The computations made for the purpose of comparing the efficiency 
of different hypsometric methods, and described in the last chapter, 
afford a considerable body of material pertinent to this inquiry, and 
their results have been rearranged with reference to it.

The observations atPlacerville, Strawberry Valley, and Hope Valley, 
which form the basis of the results contained in Table III, were more 
extended than that table indicates. Colonel Williamson employed in his 
test computations only the readings made for ten days, at 7 in the morning 
and 2 and 9 in the afternoon, and the comparative computations by the 
new method were given the same limit. The observations were made, 
however, at every hour from 7 in the morning until 9 at -night, and 
through the courtesy of Colonel Williamson, who kindly furnished me a 
copy of the record, I have been enabled to compute the altitude of Straw­ 
berry Valley, with Placerville and Hope Valley as bases, for each of the 
daylight-hours of ten days in August, 1860. On two of the ten days 
local thunder storms occurred, rendering the results inapplicable to the 
present purpose and reducing the length of the series to eight days. 
The results are exhibited in Table XXIV, and graphically by Figure 1
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in Plate LVI, and plainly show a systematic change. The determina­ 
tions of altitude from 7 in the morning until 3 in the afternoon are all 
lower than the mean, while from 4 to 9 p. m. they are higher; and the 
amplitude of their curve, after making allowance for abnormal irregu­ 
larities, is fully 20 feet. Determinations made in the early evening as­ 
cribe to Strawberry Valley a height greater by 20 feet than do deter­ 
minations made in the middle of the day. The curve in Plate LVI was 
constructed from the mean of the eight-day series. Similar curves were 
drawn for each of the individual days, and were found to exhibit in each 
case, although less perfectly, the same diurnal cycle, thus demonstrat­ 
ing its recurrent character.

TABLE XXIV.
Variations of Altitude Determinations from Hourly Means of Eight-day Series of Baro­ 

metric Observations. August.

HOOT.

12m.... ...... ................ .... .................

New station, Straw­ 
berry Valley. Base 
Stations, Hope Val­ 
ley and Placerville. 
Height of New 
Line, 1,365 feet 
Height of Base 
Line, 5,107 feet.

Feet 
2
6
3
8

— 9
— 9
— 8
— 10

3
+ *
+ o

+ 13
+ 10
+ 12
+ 9

New and Base Sta­ 
tions on the Mje- 
eing Height of 
Now Line, 1,772 
feet Height of 
Base Line, 3,504 
feet

Feet

+ 6
+ 5
— 4
+ 1
— 3
— 6
— 6
— 3
— 1
+ 4
+ 6

The observations made by Bauernfeind on the Miesmg, to which ref­ 
erence was made in the discussion of the thermic constant (see Table 
H), have been utilized for the present purpose also. Like the last, they 
consist of an eight-day series in August and are limited to the daylight 
hours, the 'series beginning at 8 a. m. and ending at 6 p. m. The results 
of the computations, translated into English feet, appear in Table XXIV 
and in Figure 2 of Plate LVI. In this case no separate computation was 
made for the individual days, the available record of the observations 
containing only the means of the series; but the smoothness of the curve, 
which is interrupted by only a single aberrant term, vouches for the 
actuality of a diurnal period.

The Californian observations, to which, our general investigation is
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so greatly indebted, make a valuable contribution in this place also. In 
Table XII of the preceding chapter the right-hand pair of columns con­ 
tain the errors of altitude determinations for Colfax by the new method 
for each month of the year and for each of the three hours of observa­ 
tion. In Table XXV the same results are given, with a different arrange­ 
ment and combination, for the purpose of expressing more definitely the 
relations of the errors to hours of the day. In the reconstruction, the re­ 
sults forthe two years were first combined so as to obtain means, and then 
the figures for each month were increased or diminished by the quantity 
necessary to eliminate the variation peculiar to the month as a whole. 
The footings of the columns in Table XXV and Figure 4 of Plate LVI 
give the general result of the comparison and show that the new method 
of computation when applied to the determination of Colfax from Sacra­ 
mento and Summit as bases gives a result at 7 in the morning 11 feet 
greater than its result at 2 in the afternoon and 15 feet greater than its 
result at 9 in the -evening.

~ TABLE XXV.

Showing the Relation of Variations in the Computation of Colfax from Sacramento 
and Summit to Hours of the Day, the Computations being from Monthly Means of 
Observations.

Month.

May....... ............... ...... ..........

Mean..... .....-....-................_.

Variation from Monthly Mean, in feet

7am

+ 2.5
+ 10
+ 80 
+ 79 
+ 10.0 
+ 14 3 
+ 20 5 
+ 96 
+ 10.2 
+ 10 9 
+ 12 3 
— 0 9
+ 89

2 p. m.

+ 01 
— 2 4 
+ 03 
— 2 9 
— 5 3 
— 4 8 
— 10 0 
— 0 7 
— 2 5 
+ 12 
— 3 4 
— 1 2
— 2 7

9pm

— 2 0 
+ 14 
— 8 3 
— 5 0 
— 5 3 
— 9 5 
— 9 C 
— 8 9 
— 7 7 
— 12 1 
— 8 9 
+ 21
— 0 2

foot.
— The altitude of Colfax above Sacramento is 2,399 feet . of Summit above Sacramento, 0,989

The results for the individual months do not accord perfectly with 
those for the entire year, but they have sufficient harmony to guarantee 
that the general result is not due to accident but to an actual, system­ 
atic, periodic variation in some condition affecting the measurements. 
They show, moreover, that the diurnal cycle is itself subject to varia­ 
tions dependent upon season. Its amplitude is less in the three winter 
months than in the remainder of the year, and is greatest of all in the 
hottest month.
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TSo. 
of

Fig­
ure

1

2

3

4

6

6
7

8

9

10

11

12

13

14

15

New Station.

o trow D erry v al-
ley, Cal

Station 3 on the
Miesing

6 points in the
Alps

Colfax, Cal .......

Yon Bet, Cal ....

GoldKun, Cal. ..
Lakeport, Cal ....

Station 2, Mount
Washington

Station 2, Meant
Washington.

Station 3, Mount
Washington.

Station 3, Mount
Washington

Station 2, Mount
Washington

Station 2, Mount
Washington

Station 3, Mount
Washington.

Stations, Mount
Washington

Base Stations

Hope Valley and
Plaoerville

Station 5 and Sta­
tion 1.

St Bernard and
Geneva

Summit and Sacra­
mento

Summit and Colfax

Summit and Colfax
Colfai and Sacra­

mento
Stations 1 and 4 .

Stations 1 and 3...

Stations land 4...

Stations 2 and 4...

Stations 1 and 4 .

Stations 1 and 3.

Stations laud 4 ..

Stations 2 and 4...

Period of Observation.

8 days in August .......

8 days in August ......

18 days in July, August,
and September

2years......... ... ...

8 days in November and
December

6 days in October ....
9 days in October ......

Month of June .... ...

..... do........... .....

.. .. do................

......do .................

8 days in June .........

..... do...... ..........

..... do ................

..... do.............. ..

A=
Height 
of New 
Station
above
Lower
Base

Feet
3,742

1,772

1,410 to
4,820
2,399

550

780
1,320

2,828

1,572

1,252

1,252

2,828

1,572

1,252

1,252

B=
Height 

of Upper 
Base

Station
above
Lower.

Feet.
5,107

3 504

6,792

6,989

4,590

4,590
2,399

3,607

2,355

3,607

n Doo £, o£Q

3,607

2,355

8,607

2,828

A
TB

lyq. lo

51

21 to
.71
.34

.12

17
.55

67

.28

.44

.67

.28

44

506
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These monthly inequalities serve to warn us that a diurnal correction 
derived from observations at one season of the year cannot be applied 
in computations from observations made at another season.

TABLE XXVI." 

Variations of Determinations in California, classified by Hours.

Gold Run

Yon Hot.

Jjakeport.

Altitude

780 feet above Colfax.

550 feet above Colfax

Mean... .......

'

1,320 feetabove Sacra­ 
mento

4,580 feet

4,590 feet.

2,399 feet

7am

Feet. 
-14 0 
+ 30

- 2 6 
+ 36 
+ 50

- 2 1

+ 42 
+31.1

+ 3.0 
- 4 7 
- 8.1
- 7.8
+ 04
+ 29

+ 26

- 7 
-24

- 4
+32 
-45 
+17 
+ 5 
-37

- 8

Errors

2p.m

Feet 
+ 72 
+18 6 

1 7
+ 95
+ 77 
+ 0.4

+ 09

+ 48 
- 2 7 

7.3
- 3 3
-10 5 
+ 2.7

- 2.7

- 2 7

-12 
+21

i 97

+39
-15 
+25 
+49 
+ 9 
+32

+19

9p.m.

Feet 
- 1 2 
- 8 5

-14 7 
- 1 6 
- 3 4

- 6 1

+12 2
+ 70 
-16 3

- 8.1 
- 5 7

- 0 7

+10 5

- 0 3

-35 
-15

-39
-20 
+ 4 
+19 
-26

ID

An inspection of the results embodied in Table XV shows that some 
of the variations in the heights computed by the new method exhibit 
periodicity. The series at Camp 9, Geyser Springs, and Long Valley 
are too short to afford trustworthy indications, but the remaining three 
not merely exhibit changes in the altitude determinations from one hour 
of observation to another but show a recurrence of these changes from 
day to day. In Table XXVI the variations of the determinations of 
altitude by the new method for the remaining three stations are arranged
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according to hours of the day, and the means for each station are exhib­ 
ited separately. The means are also plotted in Figures 5, C, and 7, of 
Plate LVI. , The diurnal variations in the determination of You Bet are 
somewhat similar to those in the determination of Colfax, but the varia-. 
tions at Gold Bun and Lakeport are conspicuously different, the after­ 
noon "observations instead of the morning giving the maximum result.

A similar treatment was given to the variations shown by the deter­ 
minations of altitudes in the Alps and embodied in Table XVIII, and 
the rearranged residuals will be found in Table XXVII. In this ease 
the. character of diurual oscillation indicated by each of the stations is 
approximately the same, so that it seems preferable to take the means 
of the whole instead of individual means for the several stations. The 
hours of observation here include all those with even number from 6 in 
the morning until 10 in the evening, and the curve of variation (Figure 3, 
Plate LVI) is determined at so many points as to give it a definite char­ 
acter. Its maximum is in the middle of the day, its minimum occurs 
during the night, and its amplitude is in the neighborhood of twenty-five 
feet. Here again the recurrence of the diurnal change upon different 
days and at different stations testifies to its systematic nature.

TABLE XXVII. 

Variations of Determinations in the Alps, classified l>y Hours.

New Station

Grimsel -

St Pierre .

Evolcna . 

Chain ouuix 

Sen aval ..

Alti­ 
tude 

above Gene­ 
va*

Meters 
1,470

1,400 

1,230

970 

C30 

430

Mean, m meters 
Mean, m feet-- .

A. M

6

m. 
+ 12

4-0.2
-08

- 30 
-29 
+ 10

-64 
- 1 4 
- 1 8 
+ 24 
- 2 9

- 1 3 
-30

8

m

+ 08 
+ 30 
- 0 5 
+ 47

- 0 5

+ 5.0 
- 0 9 
+ 82

+ 25 
+ 82

10

m

+1 9

-1 6 
+1.0

+24

-0 0

+07 
+2 3

12

m

+ 5.5

+ 45

c

+ 39

- 0 5 
+13 4 
+10 9

+ 03 
+20 1

P M.

2

m

+ 28

+ 61 
+ 23

+ 03

+ 03

- 0 3 
+ 7.1

+ 35 
+11 5

4

m

+ 0.7

+1] 2

- 2 1 
+ 38

+ 34 
+11 2

6

m
o a

0 0

- 0 5 
+ 15

26

- 2 0 
5 1

+ 05

+ 1 0

-11 7

- 2 a
- 7 2

g

m 
13.0

+ 27 
+ 18 
- 2 7 
- 0 8 
- 1 2
- 3 6

- 0 6 
2 3

- 8.0 
+ 31
- 7 7 
- 2 7

-98 
- 4 4 

1 3
-SO
-11 8

9

m.

+44

....

......

....

-3 0 
-3 0 
-3 C
^6 7

-2 0 
-8.5

10

m.
- 0 1

-«8

- 0 9

- 1 6
- 5 0 
- 4 1
- 4 0 
-15.1

*Tho height of the upper l>aso station, St Bernard, al>ove Genevaia 2,070 3 motors.
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The observations at Mount Washington have been made to afford 
eight independent curves of a similar nature. This variety of result 
has been obtained, first, by giving separate consideration to the entire 
month of June and to the eight June days selected for the compara­ 
tive computations described in the last chapter, and, second, by com­ 
bining the different stations in various ways as base and new. It will 
be remembered that the stations of observation were numbered, from 
highest to lowest, 1, 2, 3, and 4. In each computation of altitude by 
the new method three stations are used. There are therefore four dif­ 
ferent ways in which the stations may be grouped in the computations, 
each of the four stations being in turn omitted.

' TABLE XXVIII.

Showing tlio Relation of Variations in the Computations of Altitudes on Mount Wash­ 
ington, N. H , to the Hours of the Day.

Hour

1a.m......
2am... .. .
3am...
4a m.... . 
5 a m ... ... .
6a m.......
7am... ...

7 57 a. m ....
9am .....

10 a m ..... 
lla m. ......
12m..........
1pm... ...
2p m .. ...
3 p. m ......
4 p m... ...

4 57pm....
6 p m ...... 
7p m. ......
8 p m ......
9pm ... ..

10 p m ......
11 22p m.....

12 midnight.. -

Mean.. ——

Mean of Barometric Headings on Mount 
Washington for the Month of June, 1873

Station 1

Inches
2 1? 8130

8088
8042
8008 

.8035 
8094 
8162 

.8199
8277
8347 
8397 
8407 
8389 
8343

.8304 
8257 
8183
8219 8189" 

8220
6278

.8206
8231

.8181

23. 8219

Station 2

Inches
24 5119

.5087
5057
5054 

.5111 
5141 
5183 
5259
5311
535B 
5335 

.5335 
5319 
5306

.5209 
5225 
5183
5192 

.5239 
5253
5272
5282

.5247
5192

24 522J

Stations

Inches
25 9753

9718
.9679
9736 
9798 
9853 
9917 
9948
9970
998B 
9967 
9921 

.9886 
9823

.9791 
9744 
9725
9756 
9783 

, . 9833
.9877

9809
9848

.9820

25 9833

Station 4

Inches
27 1711

1692
1669

~ .1719 
1821 
1887 
1943 
1951
1951
1948 

.1896 
1824 
1772 
1686
1054 
1592 
1541
1599 
1679 

.1702

.1763

.1702

.1781
1738

27 1702

Variation of Computed Altitude from its 
Mean Value

Station 2, 
from 

Station 1 
and 

Station4

Feet.
+ 24
+ 18
+ 05
- 1 1
- 2 8 
+ 06 
+ 32 
- 1 7
- 0 5
+ 06 
+ 64
+ 5 7 
+ 47 

0 0
- 0 1
- 0.7 
- 3 8
- 0 3 
- 0 4 
- 4 2
- 0.3
- 2.5
- 1.3
- 0.3

Station 2, 
from 

Station 1 
and 

Stations

Feet
+ 18
+ 09
- 0 6
- 0 9 
- 3.0 
+ 01 
+ 29 
- 1 7
- 0.7
+ 0.1 
+ 5 7 
+ 4.8 
+ 40 
- 0.3
- 0 3 
- 0.6 
- 2 2
+ 06 
- 0 0 
- 3.0
+ 04
- 1 9
- 1.4
+ 02

Stations, 
from 

Station 1 
and 

Station 4

Feet.
+ 1.6
+ 24
+ 32
- 0 8 
+ 05 
+ 1 4 
+ 1.0 
- 0.2
+ 0.6
+ 1 4 
+ 1.9 
+ 2.4 
+ 1 9 
+ 09
+ 07 - 0.3 " 

- 4 6
-2.7 
- 1.3 
- 3.6
- 2.2
- 1.8
+ 0.3
- 1 5

Stations, 
from 

Station 2 
and 

Station4

Feet
+ 05
+ 1.6
+ 29
- 0 4 
+ 19 
+ 10 
- 0 5 
+ 0.5
+ 0.7
+ 10 
- 1.0 
- 0 2 
- 0 3 
+ 08
+ 00 
- 0.1 
- 3 1
- 2 6 
+ 1.4 
- 1 9
- 2 1
- 0 8
+ 08
-15

In each of the groups the highest and lowest stations were regarded 
as bases and the intermediate as new station. In each of the eight
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cases the observations were arranged by hours, and means were taken, 
and from these means a separate determination of altitude was made 
for each hour of the twenty-four. Each determination was then com­ 
pared with the mean of its own series and a set of residuals or varia­ 
tions derived. Table XXVIII gives the hourly barometric means for 
the month of June for each of the four stations, and gives also the va­ 
riations from their several means of the corresponding determinations 
of altitude.

The same variations are plotted in Plate LVI, where they constitute 
Figures 8, 9, 10, and 11. The corresponding curves derived from the 
eight-day series of observations appear in Figures 12, 13,14, and 15.

An inspection of the Mount Washington curves reveals some partial 
similarities, but none of a general nature. Curves 8 and 9 are closely 
alike, and so are curves 12 and 13, but the two pairs do not resemble 
each other. In all four the new station is the same, being Station 2. 
In curves 8 and 12 the base stations are Stations 1 and 4; in curves 
9 and 13, they are Stations 1 and 3. The upper pair were derived from 
observations for the entire month; the lower pair from the eight-day 
series. The similarity of the members of each pair is due to the fact that 
the observations at the new station, which have a greater influence upon 
the result than the observations at either base station, are identical. 
The dissimilarity between the pairs arises from the fact that the series of 
observations from which they are derived, although the longer includes 
the shorter, are nevertheless inharmonious. The same remarks apply 
to the remaining curves. Figures 10 and 11 constitute a pair derived 
from monthly means with Station 3 as the new point; Figures 14 and 15, 
a pair derived from the eight-day means with Station 3 as new point.

The same disparity which exists between the curves for the entire 
month and the curves for the eight days is found when we pass to the 
curves of individual days, for none of the forms of the curves derived 
from means of observations can be detected in the curves for single 
days. Moreover, the character of the monthly curves (which, represent­ 
ing the longer series of observations, are the more authoritative) is not 
such as to indicate the existence of a diurnal period. The angularity 
of curves 8 and 9 cannot belong to a normal daily cycle, and must be 
referred to causes which, in their relation to the daily cycle, are acci­ 
dental. And if the angular elements of Figures 10 and 11 were removed, 
the curves would approximate very closely to horizontal lines. The 
Mount Washington observations have therefore afforded no evidence of 
diurnal periodicity in the determination of altitudes.

If the reader will now compare together all the figures of Plate LYI he 
will see at once that.they exhibit the most divergent characters. The 
curves of Strawberry Valley, of the Miesing, of Colfax, and of the Alps 
all represent indubitable, recurrent, diurnal variations, which cannot be 
ascribed to accident; but they have no single common element. The 
maximum of the Alpine cur\fe corresponds approximately with the mini-
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ma of the Miesing and Strawberry Valley curves. The Colfax and Al­ 
pine curves agree in making the evening result lower than the morn­ 
ing, but the Strawberry Valley curve makes it higher. The Lakeport 
curve and the Gold Euii curve, which depend upon so few observations 
as not to be thoroughly established, agree in form with the Alpine curve, 
while the You Bet curve appears to be related to that of the Miesing. 
The Mount Washington curves, which rest upon longer series of obser­ 
vations than any of the others except the Colfax, have a smaller ampli­ 
tude than any other, and are so indefinite and discrepant in their char­ 
acteristics that they afford no comparative forms.

If these curves were accordant they would warrant the introduction 
of a dinrnal factor in the thermic term of the formula, but their dis­ 
cordance serves to show that no such diurnal factor could be of univer­ 
sal application. The forms of the curves are evidently conditioned by 
some factor besides that of time, and it is highly probable that that fac­ 
tor is one of place. It is conceivable that an influence may be exerted 
by latitude, or by proximity to the ocean, or by the relation of the 
neighboring ocean to the prevailing winds, or by the aspect of the 
mountain slope—whether toward the rising or the setting sun—or by the 
approximation in altitude of the new station to the upper base on the 
one hand or to the lower on the other; but a comparison of the curves 
with the various data of locality fails to indicate that any such factor 
affords the key. It is conceivable also that the nature of the curve is 
determined by the modifications of the diurnal movements of the atmos­ 
phere wrought by the topographic peculiarities of the localities used as 
stations; and indeed this hypothesis appears to the writer more plausi­ 
ble than any other. It is a matter difficult to test, however, because, 
in the first place, there is no satisfactory theory of the diurnal move­ 
ments of the air, and, in the second place, the relations of the various 
barometric stations to the surrounding topographic features are for the 
most part not recorded.

An altitude computed by the new formula depends upon the atmos­ 
pheric pressures synchronously observed at three stations. At each 
station the pressure is subject to a daily cycle of change, and every 
variation from one hour to another tends to produce a corresponding 
variation in the computed altitude. The coincident variations at the 
three stations may be such as to neutralize each other in the computa­ 
tion, and in that case there is no actual variation in the computed alti­ 
tude; but if they do not neutralize each other the computed altitude 
changes somewhat from hour to hour. The amount of this change 
depends strictly upon the three changes in atmospheric pressure, or, 
in mathematical phrase, the variation of computed altitude is a func­ 
tion of the variations of pressure at the three stations. If we conceive 
the diurnal pressure cycles of the three stations to be represented by 
curves, and the diurnal variation of computed altitude by another curve, 
then we may say that the curve of computed altitude is a function of
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the three curves of pressure. If the three pressure curves sustain among 
themselves such harmonious relations that the combination of their ele­ 
ments produces for each hour the same determination of altitude, the 
curve of computed altitude becomes a straight line.

Whether or not, therefore, there is a diurnal variation in the coeffi­ 
cient of thermic density, the diurnal variations of computed altitude are 
intimately and inseparably associated with those of atmospheric pressure. 

' If we were iu possession of the true theory of the diurnal curve of 
pressure, and if we understood the part which topographic surroundings 
play in the determination of the pressure curve of a station, we should be 
able to use this knowledge in the improvement of our hypsometric 
result; but it is by no means certain that we should in such case find it 
best to incorporate a diurnal factor in the formula. -Any diurnal fluctu­ 
ation which may affect the coefficient of thermic density must have its 
influence upon the pressure curves of the stations, but those pressure 
curves are at the same time the expressions of other influences which it 
is practically impossible to discriminate. It is therefore probable that 
.the best method to diminish the errors dependent upon diurual periodicity 
would be by applying corrections for diurnal variations of pressure di­ 
rectly to the barometer readings, after the manner of Williainson. Such 
corrections, if they could be efficiently applied, would eliminate all errors 
affected by a daily period, and would make their separate discrimination 
unimportant. The introduction of a diurnal factor in the thermic term 
of the formula might conceivably counteract the effect of diurnal fluctu­ 
ations in the coefficient of thermic density, but would leave untouched 
the greater errors arising from local peculiarities of the daily movements 
of the atmosphere, aud might even interfere with the elimination of those 
errors by means of corrections to the barometer readings.

We are led to conclude, therefore, that while calculations by the new 
formula are subject to errors which have a daily period, and while it 
may at some time be possible to reduce those errors by the application 
of corrections dependent upon topographic relations, it is nevertheless 
impracticable to improve the formula by the introduction of a diurnal 
term or factor.

The subject of the diurnal movements of the atmosphere, to which 
brief allusion is made in the preceding paragraph, is destined to occupy 
a no less important place in the future studies of meteorologists than it 
has occupied in the past; and notwithstanding its difficulty and complex­ 
ity it is exceedingly attractive. At the risk of obscurity it has been 
given the smallest possible attention in this connection, because, not­ 
withstanding its vital importance to precise hypsometry, its discussion 
at the present time can lead only to negative results. It is proper, how­ 
ever, by way of corollary, to call attention to the fact that the considera­ 
tions invoked to account for the diurnal variations in hypsometric result 
by the new formula, involve an impeachment of one of the postulates of 
the formula. It is postulated by the new formula, as well as by all other
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hyposometric formulas, that the difference between the observed air 
pressures at two stations expresses the weight of the differential air- 
column. If this were strictly true, the observed variations in the deter­ 
mined altitudes from hour to hour could only be due to corresponding 
changes in the coefficient of thermic density. Diurnal changes of thermic 
density must have a certain family resemblance in all localities; but, as 
we have seen, the diurnal curves of computed altitude have no family re­ 
semblance, and must therefore be referredjin part at least, to some other 
cause. Hence we are compelled to admit that our primary postulate is 
not strictly true, and that the column of air included between two'sta- 
tions may weigh something more or less than the differential column of 
mercury recorded by the two barometric readings. In a general way 
the explanation is a simple one. The air is daily heated by the sun, and 
is nightly cooled. The heating and the cooling cause expansion and con­ 
traction and therefore give rise to movements. These movements are 
resisted by the inertia of the air, and in the overcoming of this inertia 
there arise disturbances of the normal pressure. The observed diurnal 
changes of barometric pressure are due almost wholly to these dis­ 
turbances. They are therefore dynamic in their nature; and they are 
beyond the reach of all existing hypsometric formulas, because it has 
been either tacitly or explicitly assumed in the construction of those 
formulas that the air is momentarily in a static condition.

The great advance that has been made in the dynamic study of the 
vortical or cyclonic movements of the air encourages the hope that a 
general theory of- diurnal movements will soon be attained, but the day 
must be far distant when the part played by topographic features in the 
determination of diurnal movements will be so far understood that the 
knowledge will be of practicable service in hypsometry.

3. PROVISION FOK ANNUAL PBKIODICITY.

We have now to consider the annual variation in the quantity of heat 
received from the sun, and to inquire whether there is a corresponding 
annual inequality of the density coefficient.

It will be recalled that the thermic term of the formula is intended to 
take account of an inequality in atmospheric density depending chiefly 
upon inequalities of temperature. These inequalities of temperature 
are produced by the sun, and their existence depends upon the fact that 
the principal heating of the atmosphere takes place in the stratum next 
the earth, while the compensatory cooling is by radiation from all its 
layers, high as well as low. The sun thus continually disturbs the equi­ 
librium of temperature and density by making the lower layers abnor­ 
mally warm and rare, and a vertical circulation is thereby produced which 
just as continually tends to restore the equilibrium. The coefficient of 
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thermic density at any moment is a result of, and an expression for, the 
excess of the solar influence over the compensatory influence of vertical 
circulation. It- is a priori probable that the amount of this excess is 
greater at seasons when the solar influence is relatively great, and less 
at seasons when the solar influence is relatively small; or that the co­ 
efficient of thermic density is greater in summer than in winter.

If this be the fact, the constant D of the formula ought to be assigned 
different values at different seasons of the year, and it should be found 
that the application of the formula with a uniform value will give 
different results in different months. If the actual coefficient is greater 
in summer than in winter, it is evident that the use of its mean value 
for the entire year must afford a thermic correction too small m summer 
and too great in winter. Were we, therefore, with the formula as it 
stands, to compute the altitude of a well conditioned station at various 
beasons of the year, we should anticipate that our results in summer 
would be lower than our results in winter. If this anticipation were re- 
realized, and if a harmonious series of results were obtained from sevei al 
localities, it would be possible to deduce from them a modification of the 
formula competent to take account of annual periodicity.

Unfortunately, there is no record of a suitable series of observations, 
and at present the annual variation ot the coefficient can be neither 
established nor disproved. It will be instructive, however, to describe 
an attempt that was made to investigate it, because the result, although 
indecisive with reference to the point at issue, has nevertheless served 
to indicate the precautions necessary to be taken in order to reach a 
satisfactory conclusion.

The Californian observations published by Whitney extend over a 
period of thirty-five months and thus afford curves of computed alti­ 
tude for three nearly complete years. The determinations of altitude 
for the individual months have already been given in Table XXIII, and 
the corresponding curves will be found in Plate LV1I. The first three 
diagrams of the plate exhibit the variations for the individual years, 
and the fourth shows the monthly means for the entire period. In the 
fourth diagram the somewhat irregular line which would be produced 
by connecting the dots representing the determinations for individual 
months, has been replaced by a line of simple curvature, which probably 
expresses appioximately the general law of variation. An inspection 
of the curves for individual years shows that the anomalous elements 
of the mean curve are due to inequalities which do not recur in each 
year, and may therefore be disregarded with propriety in a generalized 
expression. It thus appears that there is an actual annual periodicity 
in the determination of the altitude of Oolfax, but it is almost the precise 
reverse of the one it seemed reasonable to expect as an expression of 
annual variation in thi' thermic constant. Theoretically, the determina­ 
tion of altitude should be least in summer, but practically it is greatest; 
theoretically it should be greatest in winter, but practically it is least
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The assignment of the observed changes to variations in the coefficient 
of thermic density is therefore inadmissible, and an independent cause 
must be sought.

A possible cause, dependent upon the limitation of the observations 
at the several stations to three of the twenty-four hours, has already 
been suggested in another place (page 503), but the amplitude of the 
variation, which is indicated by the generalized curve to be approxi­ 
mately 20 feet, is too great to be accounted for iu that manner.

Another and more satisfactory explanation is to be found in certain 
considerations dependentupon annual atmospheric gradient. The three 
stations of the Californian group are situated upon the long western 
slope of the Sierra Nevada, a'great monntain range which on that side 
faces the Pacific Ocean. Its foot is indeed separated from the ocean by 
smaller ranges, but not in such way as to free its wind! rom maritime influ­ 
ences. It is a general fact that oceans are in summer cooler than the adja­ 
cent margins of continents, and in winter warmer than the same margins. 
These differences give rise to corresponding general atmospheric grad­ 
ients which in summer are inclined toward the land, and in winter toward 
the ocean. It is therefore to be presumed that the general gradient 
between the highest and lowest Californian stations is in summer in­ 
clined toward the highest, and in winter toward the lowest. Assuming, 
for the sake of a standard, that the pressure at tlie lower station is nor­ 
mal, that at the upper is abnormally low in summer and abnormally 
high in winter. The same remark applies to the intermediate station, 
Colfax, but by reason of its smaller distance from the lower station 
the amount of its variation of pressure is less.

Affecting thus the relative pressures at the lowest and highest sta­ 
tions, the gradient affects the apparent weight and apparent height of 
the air column included between their levels; and in the same manner it 
affects the apparent height of the air column included between the low­ 
est station and Colfax. These apparent heights are measured severally 
by the denominator and numerator of a fraction in the formula, and so 
long as they are affected in the same ratio the results given by the formula 
are unmodified. The apparent heights of the air columns are propor­ 
tional to the real heights of the upper stations above Sacramento. The 
variations of pressure produced by gradient at the two upper stations we 
may assume to be proportional to their distances from Sacramento. If 
then the heights are proportional to the distances, the gradient cannot 
affect the computations; but if they are not proportional, an influence 
should be assigned to the gradient.

As a matter of fact, the distance of Colfax from Sacramento is some­ 
thing more than half the distance of Summit, while its altitude above 
Sacramento is only about one-third that of Summit. It results that the 
general gradients affect the estimated altitude of Colfax in greater 
ratio than they do the estimated altitude of the upper base, and thus' 
exert a disturbing influence upon the computation of the altitude of
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Colfax. The nature of this influence is to make the computed altitude 
of Colfax too high in summer and too low in winter.

Thus the theoretic influence of annual gradient is opposed to the 
theoretic influence of an annual variation of the co-efficient of thermic 
density, while it corresponds in character with the observed phenomena. 
We have no present means of judging whether it is quantitatively ade­ 
quate to explain the phenomena, but recognizing it as a vera causa we 
are permitted to draw no conclusion in regard to the thermic density.

After the preceding paragraphs had been written, it was discovered 
that a group of stations belonging to the meteorologic system of India 
afforded data for the continuance of the-inquiry. The figures are pub­ 
lished in the official reports for the years 1875-1878, and exhibit monthly 
means for each year. The barometers were read four times daily, at the 
hours of 4 and 10, a. m. and p. m. The positions of the stations are 
given as follows:

Station. North Lati­ 
tude.

o / 
30 40
30 20
29 52

East Longi­ 
tude.

0 /

77 55
78 08
77 58

Altitude

feet 
7,051 58
2, 232 4

886 63

From which we deduce—

Stations. Distance

Miles 
26
55
34 .

Difference 
in Alti­ 
tude

Feet 
4, 819 18
6, 104 95
1, 345 77

It is recorded of Dehra and Eoorkee that the altitudes of their barom­ 
eters were determined by spirit level, and the conciseness with which the 
altitude of Chakrata is expressed probably indicates a like determina­ 
tion, although it is not so stated.

Prom these data the altitude of the intermediate station above the 
lowest was computed ,by the new formula for each of the forty-eight 
months, the vertical space between the extreme stations being assumed 
as a base line. The results appear in Table XXIX and are plotted upon 
Plate LVIII. The first four curves of the plate show the variations in 
l.he computed altitude from month to month for each of the four years 
of observation. The fifth curve is the mean of the four preceding. The 
sixth is a reproduction of the mean curve derived from the Californian 
observations,—introduced here for comparison.
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TABLE XXIX.
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Altitude of Dehra, India, above Roorkee, computed from Montlily Means; tho Base 
Statious being Cliakrata and Koorkee.

Month.

April... ..... . . ..... . .. ..... ..
May ...... .... ..... .............. ...... ..

July . ..... ... .. ....... .. ... ..

1875

Feet 
1,376
1,373
1,371
1,301
1,349

1,344

1,332
1,337
1,331
1,338

1, 350 3

1876

Feel
1 3d?

1,335
1 Hl r*

1 <W1

1,312
1,336
1,338
1,333

1,319

1, 33 1)

1, 330 7

1877.

Feet 
1,339
1,337
1,332
1 3*^4

1 324

1,327
1,332
1,333
1 334
1,340

1878

Feet, 
1,337
1,330
1,323

1,319
1,316
1,311
1,32'i
1,327
1,324

1,328

1, 323 2

Mean of 
4 Years

Feet 
1 348 5
1, 343 7
1, 340 2

1, 1i27 7
1, 329 2
1, 335 5
1, 328 2
1, 328 2

1, 335 2

Considering, first, the mean curve (Figure 5), we see that it exhibits in 
August an aberrant element dependent upon an incongruous result ap­ 
pearing in the curve for 1875 and in no other; and we see, second, that 
it exhibits an aberrant element in May referrible to a still more incon­ 
gruous determination shown by the curve for 1876. If we disregard the 
means for these two months, and draw the curve independently of them, 
as indicated by the dotted lines, we find it assuming a regular form with 
a single maximum and a single minimum. The maximum is relatively 
acute and occurs in midwinter; the minimum is broad and includes the 
entire summer. It therefore agrees in its essential features with the 
one theoretically anticipated, while it differs in every respect from the 
one derived from the Califbrnian observations.

Comparing, now, the mean curve for the four years (Figure 5) with the 
curves for the individual years, we are able to detect its presence in the 
curves for 1877 and 1878, and less evidently in that for 1875, while the 
curve for the remaining year, 1876, betrays no trace of it. A system 
of corrections based upon it would plainly improve the harmony of the 
results in three of the four years, and would, on the whole, work to ad­ 
vantage.

The fact must not be overlooked, however, that the periodic variations 
expressed in this curve are of small magnitude as compared with the 
irregular variations exhibited by the same series of determinations. 
Even when the determinations are grouped by yearly means they ex­ 
hibit inequalities greater than those with an annual period. The value 
of the altitude given by all the observations of 1875, collectively, is 21 
feet greater than the values afforded by the years 1876 and 1877, and 28
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feet greater than the value for 1878, while the amplitude of the curve 
of the annual change is only 13 feet. The application of corrections 
derived from the mean curve would therefore diminish the general irreg­ 
ularity in small ratio only.

It must be remembered, also, that the extreme stations of the group 
are separated by a horizontal distance of fifty-five miles—a space which 
admits the possibility of a large factor of annual gradient. It is true 
that in this case the ocean is not near; but the lowest station lies at 
the edge of an immense plain, while the highest is upon the slope of the 
loftiest mountain mass of the world, and such contrast of conditions 
can hardly fail to give rise to great periodic movements of the atmos­ 
phere. The relation of the vertical and horizontal interspaces of the 
stations is somewhat similar to that of the Californian group; the in­ 
termediate station is vertically nearer the lowest but horizontally nearer 
the highest.

On the whole, the question of the existence of a general annual period 
in the determination of hypsometric values by the new formula must be 
regarded as unanswered. The Californian and the Himalayan groups 
of stations give contradictory results; the former inconsistent with theo­ 
retic considerations, the latter consistent therewith. The Californian 
results are manifestly untrustworthy by reason of the proximity of the 
sea., but the trustworthiness of the Himalayan results is not assured. The 
question must remain open until a sufficient series of observations has 
been made at some properly conditioned group of stations. In such a 
group the horizontal distances should be small and the vertical great ; 
the intermediate station should be approximately midway between the 
others; the observations should be equally distributed throughout the 
twenty-four hours, and for at least one year of the series they should be 
hourly; the locality should be inland.

It should be said by way of corollary that if the coefficient of thermic 
density changes with season, it should for the same reason change also 
with latitude and, in general, with local temperature. If, therefore, its 
variability shall at some time be recognized in the formula, it will be 
more logical to employ the general local temperature as its argument 
than to employ the season of year.

4. ADDITION OF A THIRD BASE STATION.

We shall now consider the possible advantage of increasing the num­ 
ber of base stations in the vertical series from two to three; and to 
make clear the bearing of such a change we shall recall the analysis of 
the subject of atmospheric density. The general law of the vertical 
distribution of density in the atmosphere is a function of Boyle's law of 
the relation of gaseous tensions to pressures, and is itself here called
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the logarithmic law. It is simple in its nature and would need no 
qualification if the atmosphere were homogeneous in temperature and 
in moisture content. The modifying tactor dependent upon moisture and 
temperature we have called the thermic density.

The thermic factor of density is divisible m thought into three parts, 
each of which requires consideration in the solution of the hypsometric 
problem. The first is its mean value, the second its law of vertical dis­ 
tribution, the third its rate of vertical change. The mean thermic density 
of any air column is known to vary from day to day and from hour to hour, 
and it is the especial object of the new hypsometric formula to deter­ 
mine its value in a given atmospheric column by means of a simultane­ 
ous measurement of its value in a similarly conditioned atmospheric 
column of known height. This is accomplished by the aid of two base 
stations, at each of which the pressure of the atmosphere is measured 
as a means of deducing the weight of the column between them.

The law of vertical distribution of the thermic density is not known, 
but the formula postulates for it a simple nature. It is probable that 
it, too, is subject to variation, and in another section the possibility of 
subjecting it to analysis and discussion will be considered.

The rate of vertical change of thermic density, or the rate at which 
the divergence of the actual density from the density indicated by the 
logarithmic law increases npward, is likewise known to be variable; 
but in the formula it is assumed to be constant, and its "constant" value 
finds expression in the denominator (D) of the thermic term. In the 
preceding sections the possibility of making provision in the formula for 
periodic changes of its value has been considered, but no reference has 
been made to non-periodic changes; yet a very brief consideration will 
suffice to show that it is liable to vicissitudes of as irregular a nature as 
those which affect any other atmospheric factor.

The vertical distribution of moisture and temperature is controlled 
primarily by the vertical circulation of the air, or rather by the relation 
of that circulation to the inequality of its heating by the sun. If the 
rate of vertical change were dependent upon that cause alone, it might 
be approximately equable, but it is really influenced by a variety of other 
factors, the most important of which is probably the horizontal circula­ 
tion. The horizontal movements of the npper and lower strata of the 
atmosphere, at any locality, are frequently in different directions, and the 
movements of the upper strata are usually more rapid than those of the 
lower. The relations between the densities of high and low layers, so 
far as these are controlled by temperature and moisture, are therefore 
to a great extent independent of local conditions, and are liable to 
changes both abrupt and great whenever the winds change.

Every such change occasions a corresponding change m the rate of 
vertical increase of thermic density, and consequently in the actual 
value of the constant D. It would appear desirable then that some 
means be employed to ascertain the value "of that constant in the field
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of hypsometric work at the moment of barometric measurement. Our 
attempts to ascertain the mean value of the constant have been by com­ 
putations based upon pressure observations at groups of three stations 
whose differences of altitude were known, and it appears perfectly fea­ 
sible to ascertain its momentary value by the same method. To do so 
would require the establishment of an additional'base station, so as to 
make the series consist of three bases instead of two, and as this would 
proportionately increase the expense of the hypsometric work, the con­ 
sideration of economy demands that it shall first be shown to yield a 
compensatory advantage in precision.

The general principle upon which the new hypsometric method is 
based is that of determining the condition of the atmosphere at the 
moment of hypsometric measurement by means of a direct measurement 
of the density of a comparable column of known height. As the formula 
stands, only the mean density is determined by direct measurement. 
By the aid of a third base station, not only the mean density, but the 
rate of variation of the thermic density, would be measured.

It is easy to adapt the formula to this change. Assume that the new 
base station is placed intermediate in height between the upper and 
lower, and represent its barometer reading by i. Call the readings at 
the upper and lower base stations, as before, u and I, and that at the 
new station n. Represent by B the height of the upper base station, 
by & the height of the intermediate base station, and by A the height 
of the new station—all vertical distances being referred to the lower 
base station as an origin. Then, by the formula already developed,

+ AJ*=A> - . . (is)log I — log u D 
and

~~ log I — log u IT 
From (19) we obtain

i~\ _ o \-*5 ~— o^ /*?n\
""ftllB^^HMj 

log I — log w

in which all the quantities of the second member are known. Substi­ 
tuting in (18) the value ot D given by (20), we have

log I - log n. A(B-A) {2l} 
^-^logT^n^glT^ b (B — b) ' ' ( '

log I — log u

an equation in which A only is unknown. B and b are, by postulate,
known altitudes; and I, u, i, and re are observed barometric pressures.

If the law of the vertical distribution of thermic density were simple,
or even if it were invariable, the application of this formula should give
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results of the utmost uniformity; but it is evident that any disturbing 
causes, such as have been described, which induce abrupt changes in 
the rate of vertical variation, must also interrupt the vertical continuity 
of the law of distribution. It is not to be anticipated, therefore, that 
the application of the formula, even under the most favorable conditions, 
will eliminate all irregularities from hypsometric results. Theoretically, 
however, it should diminish those irregularities; and if it does so in 
any notable degree, there may be an economic advantage in the intro­ 
duction of the third base station. The true test of the question is the 
practical one, and to this we now proceed by discussing the only avail­ 
able series of observations applicable to it.

Fia. 30 Profile of the "Western Face of Monnt Washington showing the Positions of the 
Meteorologio Stations in June, 187A

The four stations upon the profile of Mount Washington have the 
relative positions indicated by the accompanying diagram. Station 1 
is upon the summit; Station 2 is about 800 feet lower, and the descent 
to it is very steep; Stations 3 and 4 are so far down the valley which 
drains the mountain upon the west that they are somewhat shut in by 
spurs. They rest upon an easy slope, but nevertheless they are fairly 
upon the flank of the mountain, and the distance of the lowest from the 
summit is only three miles. For the purpose of comparison the altitude 
of Station 2 above Station 4 was first computed by reference to Stations 
1 and 4 jointly, and second by reference to Stations 1, 3, and 4 jointly. 
The formula applied in the first case was that given in Equation (7), on 
page 442; in the second case, that given in Equation (21). Three series of 
computations were made. In the first series the means of the barometric 
pressures at the several stations for each day of the month of June, 1873, 
were used, each method affording thirty independent results, which are 
exhibited in full in Table XXX. For the second series the hourly means 
of the month's observations* were used, the results affording twenty-four 
comparisons. For the third series the individual hourly observations for 
the period of eight days, from June 22 to June 29, were used, affording 
one hundred and ninety-two comparisons. The second and third series

* See Table XXVIII.
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of results are not here published in full, but are summarized in Table 
XXXI, from which it appears that whether the observations are taken 
individually, or by hourly means, or by daily means, the triple base yields 
a more uniform result than the double. The variation of the individual 
results among themselves appears to be reduced about 25 per cent by 
the use of the intermediate base station.

TABLE XXX.

Determinations of the Height of Station 2, Mount Washington, from Daily Means of
Barometric Pressure.

Date

2... . ... .... .... . ...
3.... .... 
4.... . ..... 
5.... ... ..... 
6 .... .... ....... ..... . ..
7 ...... . ...... .. .. ... ...
8 . ....... . .... ... .. .. .

11 ... . ' . ... .. .. . .

13............ . .... .... .
14 .. ..... .. . . .. ..... .
15 . ... .. ......
16 ......... ..... ..... . ..
17 .. ..... .... ... . .
18 ..... . ....... ..... .... ..

' 19 . ... .... ... . 
20 ... . .. ... ....... 
21 ." . ... . .... ... . ..
22 .... .. .. . .. .....
23 .. ... ... ...... ... . ... ..
24. .... ... . . ..... .... ...
25 .. ............. ..
26. ..... .... ...... .... .
27... - ........ .. ..... ..
28. .. ..... . . .. ..... 
29......... ..... .. ... .. ..
30 ... .. ... -. ....... . ..

Mean... -. -. .. .

Base Stations

Stations 1 and 4

Altitude

Feet 
2, 795 6 
2, 781 1 
•2, 825 6 
2,825 0 
2,801 9 
2, 827 1 
2,819 7 
2, 835 9 
2,831 3 
2,831 2 
2, 813 9 
2 808 5 
2, 830 2 
2, 83D 4 
2, 825 5 
2, 826 2 , 
2, 709 8 
2,800 9 
2, 812 0 
2,797 9 
2, 792 5 
2,822 7 
2, 837 3 
2, 838. 8 
2, 837 5 
2,827 1 
2,814 9 
2, 814 3 
2,833 2 
2,839 5

2, 818. 6

Kesidual

feet 
-23 1 
-37 6 
+ 69 
+ 7 2 
—16 8 
+ 84 
+ 1 0 
+17 2 
+12 6 
+12 5 
- 4 8 
-10 2 

+11 5 
+20 7 
+ 68 
+ 75 
-48 9 
-17 8 
— 07 
-20 8 
-26 2 
+ 40 
+18 6 
+20 1 
+18 8 
+ 84 
- 3 8 
— 4 4 
+14 5 
+20 8

U 6

Stations 1, 3, and 4

Altitude

Feet 
2, 819 7 
2, 796 2 
2, 826 2 
2, 836 5 
2 814 8 
2, 827 7 
2, 819 8 
2, 834 9 
2,833 3 
2, 832 6 
2,828 1 
2,816 1 
2,830 1 
2, 837 4 
2,824.4 
•2, 828 4 
2, 778 7 
2,800 2 
2, 815 8 
2, 808. 5 
2, 796 3 
2, 812 7 
2, 818. 9 
2,823.2 
2, 820 9 
2, 817 6 
2, 809. 6 
2,808 6 
2, 816 0 
2, 822 3

2,818 5

Residual

Feet. 
+ 10 
^22 5 
+ 75 
+17 8 
- 3 9 
+ 90 
+ 1.1 
+16 2 
+14 6 
+13.9 
+ 94 
— 2 6 
+11 4 
+18 7 
+ 57 
+ 97 
-40 0 
—18 5 
— 2 9 
—10 2 
—22.4 
— 6.0 
+ 02 
+ 45 
+ 22 
— 1 1 
— 9.1 
-10 1 
— 2.7 
+ 3.6

9.9
,
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TABLE XXXI

Comparing Mean Residuals of Determinations of the Height of Station 2, Mount 
Washington, by means of Two Bases and by means of Three Bases

Observations.

Hourly means for the month of June 
192 individual hours, June 23 to June 29 .....

Base Stations

Stations 1, 4.

Feet 
14 6 
2 2 

11 8

Stations 1, 3, 4

Feet 
9 9 
1 6 
9 4

Ratio

100 63 
100 . 73 
100 80

100 • 75

There is one feature of this table the appearance of which was not 
anticipated, and which has led the writer to extend the inquiry. It is a 
familiar general fact that the employment of means of observations in 
computations of this character diminishes the discordance of results, 
but in this particular case the determinations from thirty daily means 
are less accordant than the determinations from observations at the 
individual hours of the eight-day series. It would appear, therefore, 
that there is some disturbing factor which is subject to great variation 
from day to da>y and whose influence neither formula succeeds in elimi­ 
nating; and it is manifestly important to our discussion that the nature 
of this factor be ascertained.

In Plate LIX various data derived from daily means of the month's 
observations are plotted, so as to exhibit their relations to the eye. 
The vertical Mnes indicate days 'and the horizontal lines for each of the 
upper four curves indicate computed altitudes, the space between each 
two consecutive lines representing ten feet. The curves therefore pre­ 
sent the daily variations of computed altitude. In the computations 
affording the first curve the determined point was Station 3 and the 
base stations or reference points were Stations 2 and 4. in the case 
of Figure 2 the new station was the same, but the reference points were 
Stations 1 and 4. In the computations for Figures 3 and 4 the new 
station was Station 2, and the reference points were Stations 1 and 4 
and Stations 1, 3, and 4, respectively. Figures 3 and 4 are plotted from 
the data contained in Table XXX.
" An inspection of these curves shows, first, that they have a general 
similarity, differing chiefly in the magnitude of their undulations; 
and, second, that their most aberrant elements are minima, the maxima 
not ranging so far from the mean line. A comparison of the third curve, 
which was derived from a computation by means of two bases, with the 
fourth curve, which represents the same quantity derived from a com­ 
putation by means of three bases, shows that the effect of the addition 
of the third base station was to diminish, but not remove, all the greater 
inequalities.
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The curve exhibiting the least irregularity (Figure 1) is the only one 
derived independently of the observations at Station 1; and by this we 
are led to suspect tliat the influence of the disturbing factor is especially 
exhibited by the observations at that station. This suspicion is strength­ 
ened by a comparison of Figures 2 and 3, for the nature of the computa­ 
tions upon which they are based is such as to give a relatively small 
influence to the observations at Station 1 in the determination of the 
elements of Figure 2. In searching for the disturbing factor, we are 
therefore led to give especial attention to the observations made at 
the summit.

The published record of the observations gives for each, of the four 
stations, not merely the barometric pressure, but the' temperature and 
humidity of the air, the direction and velocity of the wind, the character 
and extent of the clouds, and the amount of precipitation; and thus 
enables us to compare our hypsometric variations with all tlie important 
meteoric factors. The curves of computed altitude were compared in 
turn, first, with the general humidity of the air; second, with the 
difference between the humidity observed on the summit and that ob­ 
served at the lower station; third, with the rainfall; fourth, with the 
prevalence of clouds, and especially with the presence or absence of 
clouds enveloping the summit of the mountain; fifth., with the force of 
the wind, especially on Station 1; sixth, with the direction of the wind, 
especially on Station 1; seventh, with the temperature on Station 1; 
eighth, with the general temperature of all the stations; ninth, with the 
progressive rise and fall of the barometer; and tenth, with the difference 
between the atmospheric pressures on Station 1 and on Station 4. 
Among all these factors only two were found to exhibit any sympathy 
with the variations in computed altitude, the first being the general 
temperature and the second the wind.

The curve at the bottom of the plate (Figure 6) shows the oscillation of 
the mean temperature at the four stations, taken collectively, during the 
month,* and it is evident that there is a general correspondence of its 
maxima and minima with those of the most strongly marked curves of 
computed altitude. Whenever the hypsometric results were especially 
low the general temperature also appears to have been exceptionally 
low. ^Nevertheless, there appears no good reason to believe that the 
variations in the computed altitude were caused by the variations in 
temperature, for the only manner in which the temperature of the air 
can affect computations of altitude by the new formula is through differ­ 
ences of temperature between higher and lower layers of the air, and 
the records show that the differences of temperature between the high­ 
est and lowest stations of the series underwent far less change than the 
general temperature,—and, moreover, that its changes did not sympathize

* In the derivation of these means the observations for the entire twenty-four hours 
were not employed, bnt only those at 7 a. m , 2 p. m., and 9 p. m., that at 9 o'clock 
receiving double weight.
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with the hypsometric variations. Our attention is therefore directed 
to the wind as the most probable source of the difficulty.

In the relation of the wind to the hypsometric results, not only force 
but direction and locality are concerned. That is to say, at one of the 
stations a great influence appears to have been exerted by wind in a 
certain direction—an influence proportioned to its strength—while winds 
from other directions had comparatively little influence. As will be 
shown in the sequel, the potent wind was that from the northwest (in­ 
cluding also the north and west winds), and when that blew, all deter­ 
minations of altitude involving the summit as a base station were com­ 
paratively low. Figure 5 of the plate exhibits for each day the total 
amount of wind reaching Station 1 from the northwest, expressed in 
miles, and a comparison with the curves above shows the close sympathy 
between the wind and the hypsometric results.

There are several different ways in which wind may be conceived 
to influence the computation of altitude. In the first place, it may 
by mere horizontal transfer give to the upper parts of the local atmos­ 
pheric column an abnormal and incongruous temperature or degree 
of humidity. The winds upon the summit of Mount Washington are 
of great velocity as compared with those at the lower stations, and not 
unfreqnently have a-different direction, and it must often happen that 
they bring about changes in the condition of the upper strata of air 
which are not immediately shared by the lower. Nevertheless, when 
the record is scanned to ascertain the nature of these changes, it is found 
that in the case in question the cold air introduced from the northwest 
has very quickly brought the temperature of the valley into a normal 
relation with that at the summit, and that the differences in moisture, 
although they have frequently been considerable, have not been of such 
nature as to account for the variation of altitude determinations.

A second method of connecting winds with hypsometric inequalities 
is by means of gradients. The prevalence of a high wind upon the 
summit of the mountain, even though the valley at its base is possessed 
by a calm, is indicative of gradient; but the most rapid gradient it is 
possible to assign to it would amount to very little in the short space 
of three miles, and could not account for more than the tenth part of 
the observed discrepancies in computed altitude.

A third manner in which the wind might exert an influence, and the 
only manner in which its influence appears competent to produce the 
results, is by affecting the tension of the air in the observatory. It has 
already been pointed out that the wind tends to modify the tension of 
the air in every room to which it has access, rendering it abnormally 
great in some cases, and abnormally small in others, and that the effect 
produced in any particular room may vary with the direction of the 
wind. In the case of the Mount Washington observatory we do not 
know what the arrangement of the apertures was during the making of 
these observations, and even if we did know we might be unable to de-
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termine deductively their influence upon the barometer; but we have 
reason to believe that such velocities of wind as were recorded by the 
observer are competent, under suitable conditions, to affect the barome­ 
ter as it seems to have been affected, and we are therefore permitted, in 
the absence of other explanation, to ascribe the anomalies of the hyp­ 
sometric results to errors wrought by the horizontal pressure of the wind 
in the observations of the vertical pressure of the atmosphere.

A further illustration of the same relation appears in Plate LX, where 
a series of altitude determinations from individual observations are 
compared with the simultaneous velocities of the wind upon the summit. 
The first and second curves show for three consecutive days the hourly 
variations in the determinations of the altitudes of Stations 2 and 3, 
referred to two base stations (1 and 4). The third curve shows the cor­ 
responding variation in the altitude of Station 2, as computed by the aid 
of three bases (1,3, and 4). The fourth curve gives the recorded veloc­ 
ity of the wind at Station 1,- in miles per hour, the direction of wind 
being continuously from the northwest. Not all the oscillations of the 
hypsometric curves reappear in the wind curve, but the greater num­ 
ber of them do.

These comparisons of curves, however, serve to do little more than 
illustrate the general relations of the phenomena. More precise conclu­ 
sions have been reached by a series of classifications, to which we now 
proceed. The plotted wind curves refer to a single station only, but 
while that station experienced the strongest winds, the other three were 
yet subject to winds of greater or less force, and the inquiry would be 
incomplete if these were ignored. We have therefore classified the 
winds at each of the stations according to the magnitudes of the com- 
cidently determined altitudes. For this purpose we have employed the 
series of determinations made from the hourly observations during the 
eight days from June 22 to June 29. The determinations of the altitude 
of Station 2 above Station 4 by reference to Stations 1 and 4 as bases, 
range from 2,775 feet to 2,859 feet. We have grouped these in four 
divisions, as indicated by the first column of Table XXXII, the first 
group embracing a range of 25 feet and the other three groups of 20 
feet each. For each station we have taken from the published record 
the corresponding wind velocities at the thre.e stations involved in the 
computation, and for each group we have added these velocities and 
obtained their arithmetic mean; the mean velocities appear in the third, 
fourth, and sixth columns of the table. A parallel series of computa­ 
tions, by which the altitude of Station 3 was derived from Stations 1 and 
4 as bases, has been treated in the same manner, and the figures are 
arranged in the second division of the same table. A third series of 
computations, by which the altitude of Station 3 was deduced from 
Stations 2 and 4 as bases, has been similarly treated, and the results 
embodied in the third and lowest division of the same table.
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Inspecting the table, we note, first, that the mean wind at Station 3 
and Station 4 was in all cases light, and that the numbers expressing it 
do not form progressive series as they stand in the table. As a matter 
of fact, the wind at those stations did not at any time during the eight 
days exceed ten miles per hour in velocity, and its influence upon the 
computations has in no wise been detected.

The wind .at Station 1 attained a maximum velocity of forty miles per 
hour, and its mean velocities for the different groups of determiued alti­ 
tudes, as exhibited in the table, are not only of notable amount in some 
instances, but they form in each case a strongly characterized, progres 
sive series, the' strongest wind corresponding to the lowest determina­ 
tion of altitude, and vice 'versa. In the two cases here cited, Station 1 
is regarded only as an upper base station, and the first and second 
divisions of the table agree in showing that the influence of wind at 
that station tends to diminish the dependent determinations of the 
altitudes of lower stations.

TABLE XXXII.
Velocities of Wind at Stations on MoVint Washington, Arranged According to Corre­ 

sponding Determinations of Altitude.

Altitude of Station 
2, computed from 
Stations 1 and 4

2775-99
2800-19
2820-39
2840-59

Stations, comput­ 
ed from Stations 
land 4

1210-29
1230-49
1250-69
1870-79

Station 3, coinput- 
ed-from Stations 
2 and 4

1210-29
1230-49
1250-69
1270-79

Number of 
Determinations

9
•I 1

108
32

10
60

117
5

4
60

127
1

Mean Velocity of Wind, in Miles per Hour

At Station 1

20 0
17 4

1 9
3 8

283
13 5

4 7
5 0

At Station 2

19 4
17 4
9 4
6 2

15 7
12 2
10 1

8 0

At Station 3

v

2 6
2 8
2 8
1 8

2 2
2 0
3 2
0.0

At Station 4

3 9
3 B
3 4
3 5

2 7
3 6
3 5
2 8

2 0
3 5
3 5
1 0

At Station 2 the maximum wind was thirty miles per hour, and the 
means, just as in the case of Station 1, form progressive series, the max­ 
imum velocities corresponding to low determinations of altitude and 
the minimum velocities to high. The sympathy of the wind with the 
altitude is less perfect in this case, however, than in the case of Station 1.
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Moreover while Station 2 is the upper base station in the case rep­ 
resented by the third example of the table, it plays the role of new 
station in the first example; and this difference of relation has an im­ 
portant bearing upon the interpretation of the figures. The barometer 
reading at Station 2 enters the computations in the two cases in such 
different ways that errors of the same nature have opposite influences 
upon the determinations of altitude. If, therefore, Station 2 as upper 
base station affords altitudes varying inversely with the force of the 
wind, as new station it should afford altitudes varying directly with 
the force of the wind. The indications of the two divisions of the table 
are therefore contradictory, and to harmonize them it seems necessary 
to assume that the more powerful winds upon Station 1 dominated in 
those computations involving both Station 1 and Station 2, and com­ 
pelled the winds at Station 2 (usually sympathetic) to fall into the table 
in an order not truly representative of their influence in the computa­ 
tions. However this may be, the second and third cases exhibited by 
the table are preferable for the purpose of the investigation, because 
each includes only one station characterized by strong winds, and atten­ 
tion will be directed in the next procedure exclusively to them.

Having thus ascertained that the velocities of wind at Stations 1 and 
2 are related to the magnitudes of altitudes determined by computations 
in- which those stations enter as bases, and having reason to think that 
this relation is one of cause and effect, we now proceed to inquire how 
great effects are produced by winds of given velocities. For this pur­ 
pose we reverse our previous process; first grouping the observations of 
wind according to velocities, and then determining the means of the cor­ 
responding computed altitudes. In the first case, winds were arranged 
according to computed altitudes; in the second, computed altitudes ac­ 
cording to winds.

TABLE XXXIII

Hourly Determinations of Altitude at Monnt Washington for eight days in Jnne, 1873, 
Arranged According to the Velocity of the Wind.

VelocityofWind 
at Station 1, m 
miles per hour

0-5 
6-15 

16-25 
26-35 
36-40

Altitude of Station 3, deter­ 
mined from Stations 1 and 4 
as Ba868

Number of 
Independent 
Determina­ 
tions.

96 
60
19 
13
4

Mean Altitude

Fat. 
1,254
1,251 
1,248 
1,231 
1,228

Velocity of Wind 
at Station 2, m 
mile8 per hour

0-5 
6-15 

16-25 
26-30

Altitude of Station 3, deter­ 
mined from Stations 2 and 4 
as Bases

Number of 
Independent 
Determina­ 
tions.

46 
97 
43 
6

Mean Altitude.

Feet. 
1,252
1,254 
1,248 
1,249

Table XXXIII comprehends two divisions. In each the determined 
altitude is that of Station 3 above Station 4, but in the first the upper
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base station is Station 1, while in the second it is Station 2. The first 
column in each division defines the groups of wind velocities at the upper 
station, the first group including all velocities from 0 to 5 miles per hour, 
and each succeeding group (except the last) including a range of 10 miles. 
The second column shows how many sets of observations fall within each 
group, and the third gives the means of the corresponding altitudes. 
The altitudes dependent upon the summit station as one of the bases 
exhibit a perfect sympathy with the velocity of the wind, forming a pro­ 
gressive series with a range of 26 feet. The altitudes dependent upon 
Station 2 exhibit a less perfect sympathy with the wind velocity and 
do not form a consistent series. Their range is 6 feet only, and they 
indicate that the influence of the wind is there very small. Neverthcr 
less, the ways in which the barometer readings of Station 1 and 
Station 2 respectively enter into the computations of the altitude of 
Station 3 are such that the errors in the readings at Station 2 should 
have the greater influence. We arc at liberty to conclude, therefore, 
that the element of locality enters largely into the influence of the force 
of wind upon the reading of the barometer, and that its influence was 
much greater upon the barometer read at the summit than upon that 
read at Station 2. In continuing the investigation for the purpose of 
learning more definitely the nature of the effect of the wind, we shall 
consequently restrict our attention to computations involving only 
Station 1, where the wind had greatest influence, and Stations 3 and 4, 
where its velocity was never great.

The next point to consider is the part played by the direction of the 
wind, for it has appeared by inspection of the record that some winds 
are more potent than others. In pursuance of this inquiry the hourly 
determinations of altitude for the eight June days were plotted upon 
section paper in such way that the horizontal scale represented heights 
and tlie vertical scale wind velocities. , Each individual determination 
was indicated by a dot, and the color of each dot was made to show the 
corresponding direction of the wind. Displayed in this way, the deter­ 
minations were seen to fall in two principal groups, the first of which, 
included those associated with the north, northwest, and west winds, 
and the second those associated with the east, southeast, south, and 
southwest winds. The determinations corresponding to northeast winds 
were too few and too widely scattered to be confidently assigned- to 
either group. A transcript from this plotting is given in Plate LXI, 
where the upper figure represents the northerly group and the lower the 
southerly. The determinations made during the existence of a calm 
appear in both figures, since the calm is the zero for all directions of 
wind. The vertical scale in each figure represents velocities of wind 
upon Station 1, in miles per hour; the horizontal scale represents com­ 
puted altitudes, in feet, of Station 3 above Station 4.

The sympathy of the computed altitude with the velocity of north- 
34 G A
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westerly winds is exhibited in Figure 1 by the drifting of the upper dots 
to the left and of the lower dots to the right, wliile the absence of this 
sympathy in the case of the remaining group of winds is shown by the 
fact that in Figure 2 no one of the higher dots falls without the hori­ 
zontal range of the determinations corresponding to a calm.

It happens, however, that during the eight days for which the hourly 
computations were made, there were no winds from the south or east 
comparable in force with the strongest winds from the northwest, so 
that the comparison exhibited by the plate is not entirely satisfactory. 
Indeed, the dots pertaining to the southerly group of winds really fall 
within the range of the dots pertaining to the northwesterly, and they 
are so few in number that the direction of their drift cannot be confidently 
asserted. To secure a more definite result a few additional computations 
were made, and the data for Table XXXIV were assembled.

TABLE XXXIV.

Relation of Computed Altitudes of Station 3. on Mount Washington, to the Direction
of Wind at Station 1.

113

§"S
-g
I*
g

Mean..

Wind with Velocity of 20-30 Miles 
per Hour, from the —

IT. W

Feet 
1,260
1,258
1,247
1,244

* 1,243
1,239
1,236
1,235
1,235
1,234
1,234
1,228
1,227
1,221

1,239±2

S. W

Feet 
1,267
1,266
1,265
1,262
1,259
1,257
1,255
1,254
1,252
1,249
1,249
1,249
1,241

1,256±2

No Wind

1,273 1,202 1,259 1,255 
1,272 1,262 1,258 1,255
1,270 1,261 1,258 1,254 
1,269 1,201 1,258 1,254 
1,267 1,261 - 1,258 1,253
1,266 1,261 1,257 1,253
1,266 1,200 1,257 1,253
1,265 1,260 1,257 1,253
1,265 1,260 1,257 1,252
1,264 1,200 1,257 1,252
1,264 1,260 1,256 1,252
1,264 1,260 1,256 1,251
1,264 1,260 1,256 1,250
1,263 1,259 1,256 1,248
1,263 1,259 1,256 3,248
1,203 1,259 1,255 1,248
1,262 1,259 1,255 1,247

1,246

1, 258 5±0. 5

The first column contains heights selected from the eight-day series 
of determinations, and includes all the values of the altitude of Station 
3 determined during the prevalence on Station 1 of a wind from the 
northwest with a velocity from 20 to 30 miles per hour. To obtain the 
corresponding quantities in the second column the entire record for the 
month was searched, and a similar computation of altitude was made 
for each hour at which the wind upon Station 1 was from the southwest 
and had a velocity of 20 to 30 miles. The third column, which is divided 
on account of its length into four parts, contains all those determina-
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tions of the eight-day series made when the wind on Station 1 did not 
exceed 2 miles per hour. The first column represents, by 14 examples, 
the effect of a 25-mile wind from the northwest; the second column, 
by 13 examples, the effect of a 25-mile wind from the southwest; the 
third column, by 69 examples, the influence of a calm. For facility of 
comparison the numbers in each column are arranged- in numerical 
order. Comparing first the northwest wind with the calm, it will be 
perceived that the mean of the determinations affected by the former 
is 19| feet less than the mean of the determinations affected by the latter. 
That this difference is not accidental is attested, first, by the fact that 
the probable errors of the two determinations are comparatively very 

"small, and, second, by the fact that the two series of numbers do not 
greatly overlap. Only a single determination with northwest wind is 
greater than the mean of those with no wind, and there is no determina­ 
tion of the no-wind series so small as the mean of those with northwest 
wind. The influence of the northwest wind is therefore clearly revealed.

Comparing now the southwest wind with .the calm, we find that the 
means of the two corresponding series of determinations differ from each 
other by 2| feet only, an amount which is accounted for by their proba­ 
ble errors—that is to say, the determinations approach each other within 
the range of their uncertainties. We cannot affirm, therefore, that the 
southwest wind exerts any influence upon the determination of altitude. 
If it does exert any it certainly is slight as compared with that of the 
northwest wind.

We need not extend the comparison, for the precise influence of indi­ 
vidual winds at the given station at the given-time is not a matter of 
present importance. It is sufficient to have established the fact that not 
all winds exerted the same influence, but that direction, as well as ve­ 
locity, was concerned in the perturbations of the barometer.

Having ascertained that the observations at Station 1 were more 
influenced by wind than those at Station 2, and that the northwest 
was one of the more potent winds at Station 1, we now proceed to seek 
ji quantitative expression for the influence of that wind. For this purpose 
it is desirable to contrast the strongest winds with a calm. The record 
for the entire month has accordingly been searched and two series have 
been selected, the first characterized by winds with velocities from 50 to 
56 miles per hour, the second by winds with velocities from 60 to C8 
miles. The first series numbers ten, the second seven. For each hour 
of each series the altitude of Station 3 has been computed^ as in the last 
example; and the resulting determinations will be found in the second 
and third columns of Table XXXV. The first column of the table 
repeats from the preceding table the numbers corresponding to a calm.
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TABLE XXXV.

Uelat ion of Computed Altitudes of Station 3, Mount Washington, to the Velocity of 
the Northwest Wind at Station 1.

8
3
5•3
11*
o

Mean.

Reported Velocity of Wind, in Miles pel Hour

Oto2.

1,273 1,264 1,261 1,259 1,257 1,255 1,252
1,272 1,264 1,261 1,259 1,257 1,255 1,252
1,270 1,264 1,261 1,259 1,257 1,255 1,251
1,269 1,263 1,260 1,259 1,257 1,254 1,250
1,267 1,263 1,260 1,259 1,256 1,254 1,248
1,266 1,263 1,260 1,258 1,256 1,253 1,248
1,266 1,262 1,260 1,258 1,256 1,253 1,248
1,265 1,262 1,260 1,258 1,256 1,253 1,247
1,265 1,262 1,260 1,258 1,256 1,253 1,246
1,264 1,261 1,260 1,257 1,255 1,252

1,2585±0.5

50 to 56.

1,234
1,231
1,230
1,229
1,226
1,226
1,225
1,223
1,223
1,221

1,226.8±0.8

60 to 68.

1,218
1,216
1,214
1,207
1,205
1,192
1,185

1,205. 3 ±3. 2

The series of numbers in the three columns are mutually exclusive. 
The altitudes computed during a calm, range from 1,273 to 1,246 feet; 
those during the prevalence of a 50-mile wind, from 1,234 to 1,221; 
those during the prevalence of a 60-mile wind, from 1,218 to 1,185. 
This phenomenon cannot be referred to temporary conditions or other 
accidents. The observations represented by the first series are scattered 
through eight days; those affording the 50-mile series of altitudes, 
through a period of five days. Only the observations for the 60-mile 
series are grouped closely together in the record.

The same mutual exclusiveness is indicated by the probable errors of 
the means, which it will be seen are very small as compared to the dif­ 
ferences between the means. The mean altitude determination affected 
by the 50-mile winds is 31.7 feet smaller than that affected by a calm, 
and the probable error of this difference is only ± 1 foot; while that as­ 
sociated with the 60 mile winds is 53.2 feet smaller, with a probable 
error of ± 3.2 feet.

It remains to compare the dynamic equivalents of these errors in com­ 
puted altitude with the pressures of the corresponding winds, and to 
accomplish this we shall estimate each in terms of the mercnrial inch.

The measurement of the wind on Mount Washington was made by 
means of a cup-anemometer, an instrument recording the velocity of a 
set of cups revolved'by the wind. Theoretically, the velocity of the 
wind is three times that of the cups, and in the velocities reported by 
the Signal Service the factor 3 was used in the reduction. It has been 
more recently ascertained by Dohrandt, however, that in practice the 
revolution of the cups is more rapid, and that the proper factor for such 
an instrument as that used on Mount Washington is 2.4 instead of 3*.

* Ropertormm fur Meteorologie. Memoir No. 5, 1878. 
Coustanten, von F. Dohrandt.

Bestimmung der Anemometer-
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The recorded velocities are therefore too great and need to be'reduced 
twenty per cent. After making this allowance, the mean velocity of 
wiud corresponding to the second column of Table XXXV is found to be 
4 L.6, and that corresponding to the third column 50.2 miles. The equiva­ 
lent pressures, expressed in inches of the mercurial column, are .122 and 
.177. These numbers appear in Table XXXVI.

Assuming, as we certainly are warranted to do, that the synchronous 
variations in the computed altitude of Station 3 are due to perturbations 
of the barometer at Station 1, we proceed to ascertain the nature and 
amount of those perturbations. It is needless to detail the computation, 
which can be readily inferred from the part played by the pressure at 
Station 1 in the computation of altitude. Suffice it to say that the 
change in the barometric pressure at Station 1 necessary to produce 
the observed variation in the determined altitude of Station 3 is .078 inch 
in the case of the weaker wind and .132 inch in the case of the stronger. 
The nature of this change is a depression—that is to say, in order to 
account for the diminution in the computed altitude we must assume 
that the barometer was relatively low during the prevalence of the 
stronger winds. The effect of the wind was therefore to diminish the 
tension in the observatory at Station 1, and not to increase it.

Comparing now the deduced depression of the barometer with the 
coincident pressure of the wind, we find that it • approaches the latter 
in amount but does not equal it. Iu the case of the less violent wind, 
the barometric depression is 64 per cent of the barometric column 
expressing the force of the wind, and in the case of the more violent it 
is 73 per cent. (See Table XXXVI.)

TABLE XXXVI.

Comparison of the Pressuies of High Northwest Winds on Mount Washington with the 
Coincident Depressions of the Barometer.

Mean velocity of wind (recorded) in miles per hour ...... 
Mean velocity of wind (deduced) in miles per lionr —— .. 
Pressure of wind, expressed in barometric inches - . (A)

Error in computed altitude caused by wind, in feet ...... 
Equivalent depression of barometer on Station l......(B)

Ratio of barometric depression (B) to synch; onous press-

Series I

69

0
0 
0

1258. 5 ±0.5
0 
0

Series II

10

52.0 
41.6

122

1226. 8±0. 8
— 31 7 

078

64

Series in.

7

62 7 
50 2 

.177

— 53 2 
132

.75

It has been shown by Hagemann by a series of ingenious experiments 
that the power of suction exerted by the wind in blowing over an aper­ 
ture approximates closely, under favorable conditions, to the force of the 
wind; and there appears warrant for his conclusion that the quantitative
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limit to Us exhausting power is equal to its horizontal pressure.* We 
may therefore conclude that in referring the hypsometric error under 
consideration to the local influence of wind upon the tension of the air 
in the observatory, we are appealing to a cause which is quantitatively 
sufficient, and our demonstration is thus rendered as complete as it 
could be without actually visiting the observatory and examining and 
experimenting upon its apertures. This indeed is impracticable, first, 
because the observatory now in use upon Mount Washington is not 
the one used during the month of June, 1873, and, second, because the 
records of the Signal Office fail to show precisely what building was occu­ 
pied at that time. It is probable, however, that the building actually 
used stood upon the northwest side of the absolute summit of the mount­ 
ain, so that of the winds rushing past it those from the northwest had an 
upward tendency, while some others had not. During the prevalence of 
a high wind there can be little doubt that the principal opening in the 
building was the chimney, and if the orifice of that was turned upward, 
a strong draft would be created by a wind tending obliquely upward. 
There is a fair presumption, therefore, that the northwest winds com­ 
municated their influence to the barometer of the observatory by means 
of the draft of the chimney.

The result of our inquiry was not in the least anticipated, but it is none 
the less valuable. It gives us an additional reason for assigning a low 
weight to all hypsometric determinations made by means of the barome­ 
ter during the prevalence of a high wind, and it directs attention to the 
importance of devising means for the elimination of this particular wind 
influence, not only from the data for hypsometry, but from meteorologic 
data in general. The discussion of such corrective means would be 
out of place here, since it pertains in no wise to the new hypsometric 
method, but a brief consideration will be given to it in a note at the end 
of the paper. •

The facility affoided by the new formula in the discussion of series of 
observations, and the fact that it has here led to the detection of a sys­ 
tematic error of observation, testify to the soundness of the principles 
upon which it is founded and encourage the belief that it will find a 
sphere of usefulness outside its special hypsometric province. -

We now return to the main subject of this section—the consider­ 
ation of the possible advantage to be gained by increasing the number 
of base stations from two to three. Having learned that the observa­ 
tions previously used to test the matter were to a certain extent vitiated 
by the local influence of winds, we now repeat the test with the aid of 
a selected series of well conditioned observations. In the first place, 
we reject from the eight-day series in June all those hours at which the 
wind at any one of the four stations equaled or exceeded a velocity of 
ten miles per hour; and from the observations made at the remaining

*Anunairo pour 1'annde 187C de 1'Institut Meteorologique Damns "Sur les ano- 
mometres," par G. A Hagomann.
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74 hours compute the height of Station 2 by the method with a double 
base, and again by the method with a triple base. The rejection of 
the observations dominated by wind increases the mean of the deter­ 
minations of height from 2,828 feet to 2,836 feet, and it diminishes the 
average deviation of individual determinations by the aid of two base 
stations from 11.8 to 7.7 feet. It diminishes also the average deviation 
of determinations by the aid of three bases from 9.4 feet to 7.8 feet. It 
therefore improves the harmony among themselves of the individual 
determinations by either method; but it removes at the same time the 
apparent advantage of the method with three bases, for the selected 
observations give no better result with three bases than with two.

TABLE XXXVII.
Altitude Determinations on Mount Washington, from Individual Observations made 

when the Velocity of Wind was Less than Ten Miles per Hour.

Method of Computation.
Height of Station 2 
above Station 4, 
Mean of 74 Deter­ 
minations

Feet. 
2835.5
2836.2

Average Deviation 
of individual De- 
terminations 
from Mean.

Feet 
7 7
7 8

To continue the comparison, a selection has been made from the thirty 
days of June, 1873, of those ten days on which the wind at Station 
1 on Mount Washington was least, and the altitude of Station 2 was 
computed by the two methods for those days. The results are dis­ 
played in Table XXXVIII, and are still less favorable to the triple base, 
the mean residual being increased by its use from 4.9 to 6.5.

TABLE XXXVIII.
Altitude Determinations at Mount Washington from Daily Means of Pressure Obser­ 

vations. The Ten Days of June, 1873, exhibiting the Lowest Mean Velocity of Wind.

Date.

9............................................
13... ...................................... ..
14... ........................................
22........................... ...... ........
23... .......................................
24................: ................... ......
25............................................
26............................... ...... ....
29 ........ ............ ............... ...

Height of Station 2 above Station 4, computed 
from —

Stations 1 and 4

Altitude.

Feet 
2,825 6 
2, 831 3 
2, 830 2 
2, 830 4 
2, 822 6 
2, 837. 3 
2, 838 8 
2,837 5 
2, 827 1 
2, 833 2

2, 832. 3

Residual

Feet. 
— 6.7 
— 1 0 
— 2 1 
+ 7 1 
— 9 7 
+ 50 
+ 65 
+ 52 
— 5 2 
+ 09

4 9

Stations 1, 3, and 4

Altitude

Feet 
2, 834. 8 
2,841 9 
2,838 7 
2,846 0 
2,821 2 
2,827 5 
2, 831. 8 
2,829 5 
2,826 2 
2,824 6

2, 832 2

Residual.

Feet 
+ 2,6 
+ 97 
+ 65 
+ 13 8 
— 11 0 
— 4 7 
— 0 4 
— 2 7 
— 6 0 
— 7 6

6 5
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These two tests are indeed inconclusive, by reason of the brevity of 
the series of observations upon which they are based, but they serve to 
suggest that the error which in the first group of tests appeared to have 
been eliminated by the introduction of the third base, may have been, 
in whole or in part, that caused by the pressure of the wind; and they cer­ 
tainly give no warrant for the belief that with properly conditioned ob­ 
servations the .employment of three base stations will afford a higher 
degree of precision than the employment of two. It should be said, 
however, that the Mount Washington series of observations, although 
the best available for the discussion of this question, are not the best con­ 
ceivable, and it is not impossible that a more exhaustive treatment of 
the subject may at some future time vindicate the utility of the triple 
base.

5. BETTER FORM FOR THERMIC TERM.

In the construction of the new hypsometric formula, it was postu­ 
lated that the vertical change of density dependent upon temperature 
and moisture is uniform at all altitudes, but we have no reason to be­ 
lieve that this assumed law of distribution is true. Indeed, we are 
assured that it does not obtain in any specific case, so that it is only in 
general averages that it can possibly represent the actual facts.

There are no present means of testing it, but it is easy to project 
a system of observations which would serve to illuminate the sub­ 
ject. If a string of meteorologic stations, as many as five in number, 
were established upon a steep mountain slope in such way that their 
local conditions were closely similar except in tlie matter of altitude, 
while their altitudes formed a uniform series, the discussion of their 
observations would accomplish the desired result. The pressure dif­ 
ferences of the successive stations, taken in connection with the known 
differences of altitude, would afford the densities of the several segments 
of the total atmospheric column, and would enable the law of their suc­ 
cession to be developed.

The same string of stations would serve to determine the constant of 
the formula and would afford material for the satisfactory discussion of 
diurnal and annual periodicity in hypsometry by the new method.

If the essential incompetence of the postulated law of density varia­ 
tion were demonstrated by such an investigation, it would become nec­ 
essary to give a different form to the thermic term of the formula, but 
at present there appears no ground for the suggestion of a change.

6. GENERAL PROVISION FOR NON-PERIODIC GRADIENT.

The atmospheric inequalities affecting barometric hypsometry may 
be broadly classified as vertical and horizontal. The vertical inequali-
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ties, or the variations of density in the local vertical column, are the 
sole objects of consideration alike in the new hypsometric method and 
in what we have called the ordinary and the empiric methods. Tlie 
horizontal inequalities, which consist chiefly of gradients,—annual, per­ 
ennial, and non-periodic or cyclonic,—are not considered by any formula, 
in use. The only manner m which hypsometry practically attempts to 
avoid their influence is by using the means of long series of observa­ 
tions, and the advantages of this procedure cannot be reaped by ordinary 
geographic surveys, which are uuable to make a great number of ob­ 
servations, or even more than a single observation, at each new station. 
The only general device adapted to the use of the geographer is the 
one deriving corrections for gradient errors by means of plotted isobars, 
and this involves the employment of so many auxiliary base stations 
that it can rarely, if ever, be employed with economy when the entire 
expense of the stations has to be borne by the geographic work. The 
great development of rneteorologic work, however, which has followed 
and is following the success of meteorologists in the prediction of storms, 
promises to afford the geographer, in many places, and at no distant day, 
the data necessary for the determination of gradients; and it is perti­ 
nent to inquire how he can employ them to the best advantage.

It is quite conceivable that a comprehensive formula could be devised 
in which every observed element affecting the determination of altitnde 
would fiud place, and through which the result would be evolved by a sin­ 
gle complex process; but it is probably better, as it certainly is simpler, to 
treat the vertical and horizontal factors separately. In the judgment of 
the writer the vertical factor should be treated by a hypsometric formula, 
properly speaking, whether that of the new method or of the ordinary; 
but before this is done the horizontal factor should bo treated for the 
purpose of correcting the barometric data intended for use in tlie hyp­ 
sometric computation.

It is desirable that the stations used in determining gradient do .not 
differ greatly among themselves in altitude. Let us first suppose them 
to have the same altitude, and let us further suppose (assuming the use 
of the new method) that they include among their number one of the 
base stations of the hypsometric pair. To ascertain the gradients at any 
moment wo have merely to subtract the barometer reading at the hyp­ 
sometric base station from each of the simultaneous readings at the 
auxiliary stations, and we obtain in the remainders the relative gradients 
of the several auxiliary stations. Plotting these upon a map we are 
enabled to draw lines of equal gradient (isobars) referred to the hyp- 
Bometric base station as a zero. The relative gradient of the new station 
is then Been by reference to the position of the station on the map, and 
its amount, applied with the proper sign as a correction to the reading, 
prepares the latter for use in the hypsometric formula.

Let us now suppose that the auxiliary stations, as would usually 
occur, differ somewhat in altitude from the hypsometric base station
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with which they are compared, and that these differences are known. 
The relative gradient cannot now be ascertained by simple subtiac­ 
tion, but must be reached by a computation involving an allowance 
for the density of the atmosphere. Assuming that the density con­ 
ditions are similar throughout the entire district, the principles upon 
which the new formula is based readily afford the means of making 
this computation.

Assume, for convenience, that that base station of the hypsometric 
pair which approximates in height to the auxiliary stations is the lower 
of the two. Kepresent by G the relative gradient of an auxiliary sta­ 
tion, by h the reading of the barometer at that station, and by H the 
same reading after correction for gradient.

G=A-H. 
Then, by the formula,—Equation (7)—

logZ-logH A(B-A) •a'~-B log l-log u "*" D 

whence, by transformation—

H = log-1 [ log I - AP ~^B ~ A) (log I - log «)] 

and by substitution—

G = h - log - 1 [ log I - Ap -^gnA) (i0g i _ log «)] .. (22)

In this equation, B is the known difference in altitude between the 
hypsometric pair of bases, and A is the known difference in altitude 
between the lower base station and one of the auxiliary bases. The
expression ————j>4j———-is therefore constant for each auxiliary
base; and in each specific case the gradient (G) is a function merely of 
the simultaneous barometer readings at the upper and lower base sta­ 
tions and at the auxiliary station. When the number of observations 
is great, the labor involved in the computation of the second term of 
the second member (H) can be abridged by the construction of a simple 
table.

The relative gradients of the various auxiliary stations having been 
thus derived, the procedure is the same as in the preceding case.

Of the practical value of the plan here proposed for determining the 
gradient errors of the barometer readings at the auxiliary stations, the 
writer is unable to judge. ' Like every other hypsometric device, its 
utility can only be demonstrated by the practical test; and like every 
other device, it is liable to encounter practical difficulties which cannot 
be foreseen. It is here developed, merely as the "logical consequence of 
the general principle underlying the new formula—the principle which 
warrants the determination of the density of a column of air by a direct 
measurement of the density of a neighboring column of known height.
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It is the belief of the writer that the perfect elimination of the influ­ 
ence of cyclonic gradients from hypsometry is impossible, for the reason 
that different systems of gradient exist simultaneously at different alti­ 
tudes. However thoroughly the system of gradients in a given hori­ 
zontal plane may be determined, there seems no possible method by 
which to deduce from it the gradient system of a higher plane, and unless 
this can be done a considerable element of error must always remain.

The satisfactory determination of the systems of gradient which suc­ 
ceed each other in mountainous districts is an unsolved problem in mete­ 
orology to which a great deal of attention has been devoted. The formula 
embodied in equation (22) is adapted, so far as form goes, to its solution, 
but there is no immediate opportunity to test it, and in the face of so 
many failures it would be rash to anticipate its practical sticcess. It is 
barely possible, however, that it may afford trustworthy results' in a 
somewhat larger field than that to which hypsomotry would assign it,— 
that it may find a meteorologic as well as a hypsometric use.

7. SPECIAL PROVISION FOE NON-PERIODIC GRADIENT.

There is a special case, arising not unfrequently in geographic work, 
in which it is possible to escape a large gradient error by the aid of a 
single outlying base station. Let us suppose that a pair of hypsometric 
base stations (U L of the diagram) are in use, and that by their aid the 
altitudes of new stations in their vicinity are being determined. Let us 
suppose, further, that a second piece of geographic work is in progress, 
which demands the measuring of the altitudes of a group of new sta­ 
tions in the locality S K"—so remote from the pair of base stations that 
large gradients will usually intervene, but not so remote as to cause great 
disparity in other meteorologic conditions. Within the interior districts 
of the United States these limitations would apply to distances from 100 
to 300 miles.

!"IG. 31.—Ideal Land-Profile, to illustrate the use of an Outlying Base Station
The special procedure proposed for such a case is as follows: Estab­ 

lish a base station at S in the midst of the distant group of new stations, 
and conduct there a series of observations for so long a time as obser­ 
vations are made at new stations in the vicinity. In selecting the site 
for the outlying base station,—it is better, when feasible, to approximate 
it in altitude to the new stations, its vertical relation to the main pair 
of base stations being comparatively unimportant. If its altitude is not 
otherwise known, it can be computed by reference to the principal base
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stations, using either the entire series of synchronous observations or 
such a selection from them as may be indicated by the variations of 
wind during the period. In the computation of the new stations, refer 
each of them to the outlying base station, but employ the measurement 
of density afforded by the simultaneous observations at the pair of prin­ 
cipal base stations.

A modification of the general formula adapts it to the special case: 
Let n stand for the barometer reading at a new station of the outlying 

group. Eepresent by r the synchronous reading at the outlying base 
station. Call R the height of the outlying base station (8) above the 
lower base (L) of the pair, and A' the height of the new station (N) above 
the outlying base (8). Give to I, w, B, and D the same significations 
as before. It is needless to repeat here the various steps by which the 
special formula is deduced, for the reasoning is identical with that for 
the derivation of the formula on page 442. We therefore write at once—

logr-logn A'[(B-2B)-A'] 
A=JJ l5gl-logtt+ —————D———— .... (23)

In the application of this formula the table published at the end of 
this paper can be used, with this difference only, that in place of B as 
an argument the quantity B—2 B must be substituted.

In any application of the more general system for the elimination of 
gradients, outlined in the preceding section, it will frequently occur that 
the new station is situated so near to one of the auxiliary stations that 
the gradient referrible to the intervening distance is inconsiderable. In 
every such case the formula just given can be employed with economy 
of labor and without prejudice to precision.

8. SUMMARY.

Our search has not resulted in the discovery of an immediately prac­ 
ticable way of improving the new formula, but it has served to indicate 
a line of investigation which promises to advance the subject.

If ever a string of thoroughly equipped stations shall be established 
upon a steep mountain slope and maintained for a sufficient term, it is 
probable that the discussion of their observations will aftord a new and 
better value for the constant of the new formula; and it is possible that 
it may so far defiue the law of the vertical distribution of thermic den­ 
sity that the form of the thermic term of the formula will need to be 
changed. It may also dictate the introduction of a factor dependent 
on the season of year, and it may possibly demonstrate the advantage 
of employing three base stations in the vertical series instead of two.

Such a discussion could not fail to throw light upon the relation of di-
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urnal curves of pressure to altitude, and by so doing it might indicate 
some manner of avoiding the hypsometric errors which have a daily 
period.

It is believed that in general all corrections for atmospheric gradient 
should be applied to the barometric data previous to the introduction of 
the latter into the hypsometric formula; but it has been pointed out 
that in a certain class of cases gradient errors can be avoided by a 
modification of the general hypsometric method, with a corresponding 
modification of the formula. The modified formula (23) is in point of fact 
of a more general nature than the one proposed for ordinary use (7), for in 
it the new line is made independent of the vertical base, whereas the lat- 
terrequires an extremity of the new line to coincide with an extremity of 
the vertical base.

It has been discovered that wind may attain importance as an un­ 
favorable condition of observation, and the necessity for investigating 
its influence upon the indication of the barometer has been pointed out. 
The harmony of a series of altitude determinations upon the flanks of 
Mount Washington was increased about 40 per cent by the rejection of 
those based on observations made during the prevalence of winds.

The harmony of the Mount Washington determinations after the 
elimination of this disturbing factor, is indeed so conspicuous as to sug­ 
gest that the hypsometric method has 111 this case almost eradicated the 
errors incident to abnormal atmospheric inequality,—little remaining 
besides the errors incident to the making of the observations. To test this 
matter recourse has been had to the mathematical theory of probabilities, 
and an attempt has been made to ascertain, first, the probable error of 
barometric instrumentation and the probable error of a single hypso­ 
metric determination at Mount Washington as dependent upon instru­ 
mentation; and second, the probable error proper of the same determina­ 
tion as deduced from residuals.

The probable error of barometric instrumentation may be defined to 
be that deviation from the proper or indicative height of the mercurial 
column which is most likely to be incurred in making an observation. 
It includes the errors dependent on the imperfection of the scale of the 
instrument, on imperfect correction for the capillarity of the tube, on 
the inaccuracy of the adjustments that have to be made by the observer 
before the reading, on the inaccuracy of the reading itself, and on the 
inaccuracy of the determination of the temperature of the instrument. 
If one has along series of independent observations or measurements of 
the same quantity, he is enabled, by the application of a simple mathe­ 
matical formula, to deduce the probable error -of a single measurement. 
In the use of a single barometer such a series is not obtained, because 
the quantity measured—the pressure of the atmosphere—is variable, 
and in a series of observations it is impossible to discriminate between 
small errors of observation and small changes of atmospheric pressure. 
But when two barometers are placed side by side and are subjected
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to a series of synchronous observations, the differences between the 
readings taken in pairs constitute a series of measurements from which 
it is possible to deduce the probable error of instrumentation.

The writer has made six determinations—two from a series of com­ 
parative readings made in connection with the Mount Washington 
observations and published on page 634 of the Eeport of the Chief 
Signal Officer for 1873, and four from series contained in the barometric 
records of the Geological Survey. The series published by the Signal 
Officer were made by the same observers who occupied the four stations 
on Mount Washington, aiid with the same instruments, and would fur­ 
nish the best possible criterion of the accuracy of that work if they were 
sufficiently extended. One of them, however, contains only five com­ 
parative readings of three barometers, and the other seven compara­ 
tive readings of three barometers; and these data are too scant to 
afford a trustworthy estimate of the probable error. The following is 
a summary of the results:

Series Number of Comparisons.

10
14
56

100
100

Deduced Probable Error of 
a Single Reading.

± .0030 inch.
± . 0041 inch

Each series of comparisons by the Geological Survey was carried 
through a period of several days, during which time the barometer 
rose or fell one or more tenths of an inch, so that different parts of the 
scale and tube were brought into use. The series of observations by 
the Signal Service observers were each made within an hour's time, and 
exhibit small barometric ranges. The test in the former ease was there­ 
fore somewhat more rigorous, and there is no reason for presuming that 
a longer series of observations by the Signal Service observers would 
have afforded a smaller-probable error of instrumentation. In assigning 
to each of their readings an error of ±.0027 inch (the general or 
weighted mean of all the determinations) we seem in no danger of under­ 
rating the precision of their work.

In the computation of altitude the errors of observation at the differ­ 
ent stations affect the result by different amounts, and these amounts 
depend upon the relative and absolute altitudes of the stations. We 
shall not describe these relations, but merely mention that they have been 
taken into consideration. Taking due account of them, the assumed 
error, of instrumentation at the several stations gives 3.8 feet as the 
probable error of a single determination of the altitude of Station 2 
above Station 4, and 3.4 feet as the probable error of a determination of 
Station 3.
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The individual determinations of altitude constitute a series of meas­ 
urements of a constant quantity, and yield to the simple application of 
the mathematical formula the probable error of a single determination. 
Seventy-four determinations of Station 2, made at hours when the 
velocity of the wind did not exceed 10 miles per hour at any station, 
yield 6.8rfeet as the probable error of a single determination. Sixty- 
nine measurements of the height of Station 3, made at hours when 
the wind upon Station 1 did not exceed 2 miles per hour, give 3.7 feet 
for the probable error of a single determination.

Combining these results, it appears that the probable error of a de­ 
termination of Station 2, made by the new hypsometric method under 
favorable conditions as regards wind, is 6.8 feet, and that 3.8 feet may 
be assigned to instrumentation. The remaining' error, which must be 
assigned to other causes, is expressed by V "(6.8) 2 — (3.8) * = ± 5.6 feet. 
The corresponding error of the determination of Station 3 is ± 3.7 feet, 
of which ± 3.4 feet is assignable to instrumentation, and only ± 1.5 
feet to other causes.

It would be hazardous to pin our faith to these figures and affirm that 
the new hypsometric method has determined the height of a station with 
such precision that the uneliminated errors due to atmospheric inequal­ 
ity affect the result by less than 2 feet, but it may safely be said that 
barometric hypsometry has been brought to such a stage that the influ­ 
ence of'errors of instrumentation is distinctly .appreciable in the result; 
and there is full warrant for the declaration that observations designed 
for the future refinement of hypsometric method must themselves be of 
the highest grade. The employment of inferior or of untested instru­ 
ments, of observatories badly located, or of unskillful or untrustworthy 
observers, would suffice to nullify any attempt which might be made to 
give the science of barometric hypsometry a better experimental basis.



CHAPTER V.
.LIMITATIONS TO UTILITY.

The new hypsometric method is not of universal application. It ia 
not indeed subject to local restrictions like the empiric, but there are 
certain conditions under which its employment is impracticable, and cer­ 
tain others under which it is disadvantageous. The majority of these 
would occur to the geographer at once, but there are some which might 
not, and it is proper to enumerate them all for the sake of avoiding 
any possible misapprehension. There are, moreover, certain condi­ 
tions which restrict the use of the barometer by whatever method, and 
for the sake of symmetry these will be included in the list.

A. The barometer will not be employed:
(1) When the demand for precision is beyond its competence. It is admit­ 

ted by all baroraetricians that there is a degree of precision attainable 
by other instruments to which the barometer can never hope to reach. 
In the nature of things there is a limit to its powers, and although the 
apparent position of that limit maybe modified by refinements in method, 
it can never be abolished. The present essay is an attempt to crowd it 
slightly backward, but is so far from removing it altogether that it 
serves rather to confirm or reassert its permanence. For such engineer­ 
ing works as canals and railroads the barometer can serve no useful 
purpose except in reconnaissance.

(2) When its precision can be equaled at less expense. The better class 
of modern geographic work is performed by means of observations made 
at stations which are intervisible, and in proportion as the demands for 
accuracy increase, and more is attempted in the delineation of details, 
the interspaces between the stations occupied by the topographer are 
progressively diminished. The topographer is able to compute the rela­ 
tive height of all points visible to him from any station, provided their 
distances become known, by measuring the angles of elevation or de­ 
pression which they subtend; and since other stations of his system are 
always included among the points of observation, he is able in this man­ 
ner to carry through his field a connected system of altitude determi­ 
nations. If the stations are widely separated, such determinations of 
altitude are of little value by reason of the errors introduced by at­ 
mospheric refraction, but if the stations are near together, the determi­ 
nations may have a high degree of precision. When, therefore, in the 
progress of geographic refinement the stations of the topographer ap­ 
proach so near to each other that the precision of the measurement of

(544)
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altitudes by angulation becomes equal to the precision obtainable by 
means of the barometer, barometric hypsometry receives at once a for­ 
midable competitor. Indeed it encounters an invincible antagonist, for 
the expense of reading vertical angles, when it is performed as a mere 
accessory to the general work of the topographer, is notably less than 
the expense of transporting and observing barometers,—to say nothing 
of the expense of maintaining base stations. The most thorough geo­ 
graphic work will therefore dispense altogether with the barometer.

B. The new method will not be used:
(3) When sites for the necessary base stations are not available. The 

method demands that its two base stations shall be upon a steep slope, 
and that their difference in altitude shall not be unduly small. The first 
demand is dictated by the importance of avoiding gradient errors; the 
second by two independent considerations. In the first place, the air 
column whose weight and density" are determined by the observations 
at these stations, is necessarily composed in part of the layer adjacent 
to the earth's surface, which is abnormally affected by the sun's heat 
and undergoes rapid changes, and in part of the upper and more general 
portion of the atmosphere, which changes more slowly. It is the density 
of the latter which it is important to know, and the greater the height 
of the column weighed the smaller is the influence of its abnormal super­ 
ficial factor. Theoretically, a very short column would give no better 
indication of the density factor of the atmosphere than do the measure­ 
ments of temperature and humidity heretofore customarily depended on. 
The second consideration arises from the unavoidable errors of observa­ 
tion. These depend upon the instruments and the observers, and are 
independent of the height of the air column. They consequently affect 
the measurement of the density of a short column in greater ratio than 
that of a tall column.

No definite limit can be assigned to the admissible interval between 
the base stations, because it must vary with circumstances. If the new 
stations are all in the immediate vicinity of the base stations, and fall 
between them in point of altitude, the requirements are not so" great as 
when the new stations are widely scattered. It may be said without 
qualification, however, that a region in which the slopes are all gentle is 
unsuited to the employment of the new method, and can be best served 
by the "ordinary" method.

(4) When the demand for precision is not beyond the capacity of a cheaper
method. The class of cases debarred by this limitation is large, for it
includes every reconnaissance made as a preliminary to more exact

"work,—whether of a general geographic nature or for some such special
purpose as the construction of a railroad.

(5) When the unavoidable errors from gradient are great. Non periodic
or cyclonic gradient is a function of horizontal distance. It depends,
of course, upon many other things, but the probable hypsometric error
arising from this source is always relatively great when the distance

35 a A
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between base and new stations is great, .while it is comparatively unaf­ 
fected by the vertical relations of base and new stations. The new 
hypsometric method and the "ordinary" compete onlyin the elimination 
of errors arising from inaccurate determinations of density, while they 
alike fail to remove gradient errors. When the new stations are near 
the base, gradient errors are inconsiderable, and the superior ability of 
the new method to contend with density errors renders its employment 
advantageous; but when the new stations are remote from the base, 
gradient errors become so large as to overwhelm those arising from im­ 
perfect determination of density, and then the accomplishment of the 
two methods is practically the same. If, therefore, all the new stations 
are remote from the locality selected for a base, no commensurate ad­ 
vantage can follow the employment of the more expensive method.

This consideration is enforced by the fact that errors arising from dif­ 
ferent sources are combined in the general result by means of their 
squares, and not by simple addition. Suppose, for example, that the 
computation of the altitude of a new station close to the bases has a 
probable error (depending on the vertical distribution of densities) 
of ±15 feet when the ordinary method is employed, and of ±10 feet by 
the new method. Suppose, further, that another new station is at such a 
distance that its computed altitude has a probable error due to gradient 
alone of ±25 feet. Its total probable error by the ordinary method 
will then be ( V (15)* + (25f =) ± 29 feet, while its total error by the new 
method will be ( vllO)2 + (25)* =) ± 27 feet. The saving effected by the 
substitution of the new method for the old is 33 per cent in the case of 
the nearer new station, and only 7 per cent in the case of the more 
remote.

Here again no absolute rule can be laid down, for when the new sta­ 
tions differ greatly in altitude from that base to which they would be 
referred by either method (or, more simply, when the new lines are high), 
density errors are correspondingly great, and a comparatively largo 
gradient error can be introduced without depriving the now method of 
its advantage.

(6) When the new stations are few. This limitation is connected purely 
with expense, and is not of universal application. It is perhaps rather 
an amplification of the fourth limitation. As a rule, the more elaborate 
and refined hypsometric methods can be economically employed only in 
surveys where many points are to be determined, so that the expense 
of equipping and maintaining base stations may be shared by a large 
number of new stations. ,

(7) When the new station falls far without the vertical base. The nu­ 
merous comparative computations which have been made for testing the 
value of the new method have served to show that while it gives better 
determinations of points intermediate in height between the upper and 
lower bases, and of points a short distance above the upper base or be­ 
low the lower, it nevertheless gives poorer determinations of points far
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above the upper base or far below the lower. An attempt has been 
made, by discussing the available figures, to ascertain the limit at 
which the advantage of the new method ceases, but the results have 
not been accordant. It may be said in a general way, however, that 
when the vertical space separating the new station from the nearer base 
station is not more than one-half the vertical base line, the new method 
gives the better results, and that when the space separating the new 
station from the nearer base station is greater than the vertical base 
line, the better results are given by the "ordinary" method.

It follows from this, first, that when circumstances will permit, the 
upper and lower base stations should be so chosen as to include in their 
vertical interspace all or nearly all the proposed new stations. It 
follows, second, that when it is impracticable so to dispose the base 
stations that the new stations fall within the range of utility of the 
new method, there is no advantage in using more than one base station. 
It follows, third, that when two base stations have been used in field- 
work it will nevertheless be advisable in the case of some new stations 
to ignore the observations at the more remote base and perform the com­ 
putation by the " ordinary" method.

It may appear to the reader that a system hemmed in by so many 
restrictions is practically useless; but the field remaining to the new 
method is in reality a broad one, including, unless the merits of the 
method are here overrated, the major part of the barometric hypsometry 
of the United States for the next decade. The reform was suggested 
by the needs of the geographic surveys conducted by the government 
during the past fifteen years in the mountainous region lying between 
the Great Plains and the Pacific Ocean, and it is especially adapted for 
usfr in such a region. The preliminary reconnaissances, which did not 
require the degree of precision it affords, have now been made, but the 
time has not yet arrived for that more elaborate geographic work which 
will dispense with the barometer altogether and employ only the the­ 
odolite and kindred instruments for the determination of its vertical 
element. For the present the barometer holds its place as the chief 
hypsometric instrument, and the principal work to which it is an 
accessory demands that it shall be so handled as to afford the highest 
practicable degree of precision.



CHAPTER VI.
THE WOEK OF OTHERS.

In the preceding pages no attempt has been made to credit the found- 
era and the numerous promoters of the science of barometric hypsome- 
try with the ideas and principles derived from them. The citation of 
authorities lias even been avoided, so far as possible, because the mention 
of a few among so many might seem to make an invidious distinction, 
while giving due credit to all would involve the full presentation of the 
history of the subject—a work for which the writer has neither time nor 
inclination. The reader who desires to know the successive steps by 
which the barometer has been brought to its present measure of utility 
can find his wishes fully met by consulting the works of Euhlmann, 
Whitney, Schreiber, and Cross.*

It is impossible, however, to pass without mention the work of those 
who have to some extent anticipated the hypsometric method forming 
the subject of this paper.

One of the leading and essential propositions of the paper is—to deter­ 
mine the condition of the atmosphere at the moment when a measure­ 
ment of height is made, by means of the synchronous barometric meas­ 
urement of a known height. This was first advanced by the writer at 
a meeting of the Philosophical Society of Washington, in May, 1877, at 
which time he supposed it to be novel. He has since learned that he 
was antedate d in publication by no less than two liypsonieters, while it 
is probable that a third also anticipated him in the conception of the 
idea. Nevertheless, the announcement of his method was not devoid of 
novelty, for he differed radically from his predecessors in his manner 
of developing and applying the idea.

The earliest investigator who has recorded his use" of the principle is 
Plantamour. In his hypsometric method, a description of which has 
already been given, he recomputed the height of St. Bernard above 
Geneva at the instant of each observation upon which a computation 
of the height of a new station was based, and by comparing this com­ 
puted height of St. Bernard with the known real height he obtained a

* Kuhlmanu's "Barometnschon Hohenmessungen," Leipsic, 1870.
Whituey's "Contributions to Barometric Hypsometry, 1874; Chapters I and III."
Schreiber's "Handbnchderbarometrischen Hobenmessungen," Weimar, 1877; Chap­ 

ter VIII.
Appalachia, vol. II, p. 201, May, 1881; Address on the "Barometric Measurement 

of Heights," by Charles R. Cross. 
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criterion for judging of the momentary condition of the atmosphere. 
His two base stations were so far apart that it was impossible to dis­ 
criminate the effect of a false estimate of atmospheric density from the 
effect of gradient, and in his computations he assnined that his deter­ 
mination of density (that is, of temperature and humidity) was correct, 
and regarded the error of his computed height of St. Bernard as an 
indication of the effect of gradient alone. So regarding it, he proposed " 
no plan for eliminating it, but simply used it as a means of giving weight 
to the synchronous determination of the required altitude as compared 
with other determinations of the same. It may seriously be doubted 
whether his assumption w'as warranted; but be that as it may, there can 
be-no question that his weighting of individual determinations had a 
beneficial effect upon his ultimate result.

His method differs primarily from the one here advanced in that it 
used the redeterinmation of a known height to measure gradient only, 
while it is here nsed to measure density only. Density is by his method 
determined solely by means of thermometric and psychrometric obser­ 
vations, made simultaneously with those of the barometers and corrected 
by the aid of the mean errors of long series of observations.

A method of hypsometry proposed by Lieutenant William L. Marshall 
was first given to the world in 1877,* but appears to have been practiced 
by him for some years prior to that time. In the main it is the system 
of Williainson, but it includes a number of valuable innovations, the 
chief of which is the following:

Within the field of survey are established a pair of base stations, one 
high and the other low, but not widely separated horizontally. Their 
difference in altitude is either determined by some independent method 
or else from the means of the observations for the entire season. For 
each week of hypsometric work a special computation of their difference 
in altitude is made, in which the weekly means of the barometric, 
thermometnc, and psychrometric observations at the two stations are 
employed. The standard difference in height is then divided by this 
computed difference, and the quotient is regarded as a correction factor. 
All barometric differences of altitude determined during the week in 
localities where the diurnal changes of temperature and other climatic 
characteristics are similar to those at the upper base station, are then 
multiplied by this factor, after having been computed from the observa­ 
tions of pressure, temperature, and humidity in the way prescribed by 
Williainson.

This system agrees with the one here advanced in using the rede-
* "United States Geological Surveys West oi the 100th Meridian, in charge of First 

Lieut. George M. Wheeler, Vol. II. Astronomy and Barometric Hypsometry, Part 
II. Results in Barometric Hypsometry obtained during the years 1871, 1872, 1873, 
1874, and 1875, reported by First Lieut. William L. Marshall, Corps of Engineers, 
U. S A. Washington, Government Printing Office, 1877." The novel element of his 
hypsometric system is described on pages 522 and 523 of the volume.
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termination of a known height as a means of measuring the density of 
the atmosphere at a given moment. Its chief difference consists in the 
fact that instead of ignoring altogether the observations of temperature 
and moisture, it first introduces them into the computations, and then 
endeavors to counteract their vicious effect by a process of cancellation. 
The untrnstworthiness of the thermometric and psychrometric deter­ 
minations as indices of the density of the air column used in hypsoin- 
etry is clearly pointed out by Lieutenant Marshall, and his weekly cor­ 
rective factor was devised for the purpose of eliminating the errors to 
which they give rise. But he nevertheless admitted them into his com­ 
putations, both of the altitude of the new station and of the height of the 
vertical base, and only sought to neutralize their ill effect in one case by 
balancing against it their ill effect in the other. Having once admitted 
them, there was perhaps no better mode of neutralizing the errors they 
caused; and it is probable that his device materially enhanced the accu­ 
racy of his hypsometric work.

It is a possible defect of his system that it takes no account of the 
fact pointed out by Plantamour and Whitney that the correction neces­ 
sary at high altitudes is not the same as that required at low altitudes. 
So long as his correction factors are applied to the computed differences 
in level of base and new stations whose altitudes approximate respect­ 
ively those of the upper and low.er limits of his vertical base line, a 
good result is to be expected; but it is to be doubted whether the ap­ 
plication can be extended to points differing greatly in height from 
the two stations limiting the vertical base.

In 1870, Dr. Eichard Eiihlmann, of Carlsruhe, published an elaborate 
memoir in which he reviewed the entire subject of barometric hypsom- 
etry. After describing the formulas and methods of others, he de­ 
veloped a formula and method of his own. His formula is a modifica­ 
tion of that of Laplace, and represents the difference in level of two 
stations as a function of the observed atmospheric pressures, tempera­ 
tures, and moistures at the two stations and of the latitudes of the 
stations. He differs from his predecessors chiefly in his manner of 
determining the atmospheric temperature. For this purpose he makes 
use of two stations whose difference in level is known, and from the 
observed pressures and moisture factors at these stations he computes 
the temperature of the intervening air column. The temperature thus 
derived he afterwards applies (by a special method to be described 
presently) in the computation of the unknown difference in level of 
two other stations. He thus agrees with the writer in rejecting the in­ 
dications of the thermometer as a measure of atmospheric tempera­ 
ture, but differs from him in that he retains the observations of the 
psychrometer. With this exception he employs the same principle, for 
while the new method deduces the density of an air column of known 
height from a measurement of its weight, Ruhlmann deduces the tern-
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perature of such a column from measurements of its weight and humidity. 
The new method then proceeds to apply the deduced density, in connec­ 
tion with observed pressure, to the computation of an altitude, and 
Eiihlmann similarly proceeds to apply the deduced temperature, in con­ 
nection with observations of pressure and humidity, to the computation, 
of an altitude. The errors arising from false estimates of temperature 
so far outweigh those from false estimates of moisture that the practical 
difference between the two systems cannot be great, although theoretic­ 
ally the considerations leading to the rejection of the temperature 
observations apply with even greater force to the less veracious obser­ 
vations of humidity.

But while Eiihlmann's method has thus, in principle, substantially 
anticipated the one here developed, it is applied by him in a very dif­ 
ferent manner. He gives no consideration whatever to single observa­ 
tions nor to a single pair of base stations, but says that a district of 
country in which his barometric method is to be applied must be furnished 
in advance with a large number of meteorologic base stations of which 
the latitudes, longitudes, and altitudes are known, and at which long 
series of observations have been made. The new 'stations must be 
occupied for the same period—a period so long that all minor inequali­ 
ties incident to atmospheric changes will be eliminated by cancellation. 
With these elaborate data in hand, and making use only of the mean 
values, for each station, of the pressure and humidity, he proceeds as 
follows: First, he arranges the base stations in pairs, combining each one , 
with every other one which differs from it considerably in altitude, and 
for each pair he computes, by the aid of their known heights and lati­ 
tudes, and of the observed pressures and humidities, the mean tempera­ 
ture of the intervening air column. This temperature he ascribes to 
that point which is intermediate between the two stations both in dis­ 
tance and height. This series of computations gives him an estimate 
of the temperature of a large number of points in space, the positions 
of which are indicated by their latitudes, longitudes, and altitudes. 
He then assumes that the temperature of any point whatever in the 
district is equal to a certain factor, plus a second factor multiplied by 
the latitude of the point, plus a third factor multiplied by its longitude, 
plus a fourth factor multiplied by its altitude; and proceeds, by the aid 
of the individual temperatures already computed and by means of the 
method of least squares, to compute the values of these factors. Having 
computed them, he is furnished with a temperature formula by means 
of which he can compute the mean temperature of any point within the 
district. Taking now a pair of stations of which he wishes to determine 
the difference in altitude, he deduces from their known latitudes, their 
known longitudes, the known altitude of one, and the approximate alti­ 
tude of the other, the latitude and longitude and approximate altitude 
of the point midway between them; and thus obtains, through the tem­ 
perature formula, the mean temperature of the intervening air column.
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This mean temperature enters his hypsometric formula in place of tho 
mean of the thermometric readings, and the difference in altitude is then 
computed. If it differs notably from the approximate value given 
directly by the readings of the barometers, a second and more refined 
determination of the temperature is made, and the computation is re­ 
peated.

So far as the writer is aware, this cumbrous method has never been 
put in practice. It is quite inapplicable to general geographic worl? 
because it demands long series of observations, and if it has a field of 
utility it probably lies in the determination of the altitudes of meteoro­ 
logy stations where observations are continuously made as a means of 
predicting the weather.

It thus appears that the precise ground covered by the new method 
has not before been occupied. Plantamour recomputed a known height 
for the purpose of ascertaining the temporary gradient. Marshall did 
the same thing for the purpose of ascertaining the temporary hypso­ 
metric error. Eiihlmann did the same for the purpose of determining 
the local mean temperature. The writer only has performed the com­ 
putation for the purpose of ascertaining the local and temporary mean 
density of the air column. Plantamour computed the altitude of his new 
station from the observed pressures, temperatures, and humidities (ap­ 
plying also empirical corrections), and used his coincident determination 
of a known height only as a criterion for judging whether the temporary 
ineteorologic conditions were favorable. Marshall also computed the 
height of the new station by means of the observed pressures, temper­ 
atures, and humidities, and used his recomputation of a known height 
as a means of expunging the errors he had introduced. Buhlinaun pro- 
poses to compute the height of the new station by means of the observed 
pressures and humidities, but substitutes for the observed temperatures 
avalne derived from the recomputation of known heights. The present 
method only has altogether rejected observations of temperature and 
humidity and computed the height of tho new station by the sole means 
of observed pressures.
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CHAPTER VII.
ON THE USE OF THE TABLE.

The barometric formula developed in Chapter II (Equation 17) is —
A— plogi — logtt . A(B — A)

logi — logw_ . 490000 
in which

I is the atmospheric pressure (or the reading of the barometer) at the 
lower base station;

u is the pressure at the upper base station;
n is the pressure at the new station ;
A is the height, in English feet, of the new station above the lower 

base station; and
B is the height, in feet, of the upper base station above the lower, or, 

in other words, is the height of the vertical base line.
The first term of the formula is otherwise designated by a, —

_
log I — log u 

and is called the logarithmic term, or approximate difference in altitude;
the second, ;n,,ZA > is called the thermic term.490000 ^

B, I, «, and n are known quantities^and-from them a is computed by 
the aid of logarithms. (See page 449.) The thermic term is obtained 
from the table (pages 556-561), with B and a as arguments.

In each page of the table the left-hand column contains the values of 
a, and the horizontal lines at the top and bottom margins give the 
values of B. The pages are arranged in pairs ; the left hand of each 
pair includes the values of B from 1,000 to 5,000, and the right from 
6,000 to 10,000.- Each page has nine interpolation columns at the right, 
containing increments for the numbers in the columns at the left, to be 
used when B is not expressed in even thousands of feet.

The first pair of pages serve when a is negative, the second and third 
pairs when a is positive.

In the use of the table there arise three cases, which are illustrated 
by the following three examples. In the first the new station is inter­ 
mediate between the two bases; in the second it is higher than the 
upper base; in the third it is lower than the lower base.

553
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FIRST EXAMPLE.

(Hfew Station Intermediate.) 

What is the value of the thermic term when B = 4,000 and a = 1,200?

From the intersection of the line which contains +1,200 as a value of 
a and the column headed 4,000, we obtain + 6.9, which is the required 
value of the thermic term.

SECOND EXAMPLE.

(New Station Above Upper Base Station.) 

What is the value of the thermic term when B=3,600 and a=5,727?

Let us consider B as composed of 3,000 and 600, and a as composed 
of 5,700 and 27.

Prom the intersection of the line containing +5,700 as a.value 
of a and the column headed 3,000 we obtain the correction . . —30.9

To allow for the 600 we take from the intersection of the 
same line with the interpolation column headed 6 ..... + 6.8

To allow for the 27 we take from the column headed 3,000 
the corrections corresponding to a=5,700 and a=5,800, subtract 
one from the other, divide the remainder by 100, and multiply 
the quotient by 27, thus:

30.9-32.6 0_100 X27s: ••••••• -0-5

Adding, we obtain the total correction, or the value of the 
thermic term .................. —24.6

THIRD EXAMPLE.

(New Station Below Lower Bate Station.) 

What is the value of the thermic term when B=7,864 and a= —2,400?

Consider B as composed of 7,000, 800, 60, and 4.
With B = 7,000 and a = — 2,400, we obtain ........ —47.2
With 800, we obtain from the interpolation column .... — 4.1
The interpolation element for 60 (one-tenth of that for 600) is . — .3 
The element for 4 is too small to note.

The required value is the sum of these numbers . . . . . —51.6
SIGNS.

The formula and the table assume the origin of distances to be at the 
lower base station. The vertical distances of all higher points are
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affected by the plus sign, of lower points by the minus sign. The verti­ 
cal base, B, is positive. A is positive when the new station is above 
the lower base station; negative when it is below. The value of the 
thermic term is positive when the new station is intermediate between 
the bases; negative when it is not intermediate. It is numerically 
additive to a when the new station is lower than the upper base station; 
subtractive when the new station is higher.

The interpolation elements are given the plus sign when the series of 
numbers to which they pertain is algebraically ascending; they are 
given the minus sign when it is descending. Thus, in the second ex­ 
ample, 6.8 is made positive because the horizontal series in the table 
ascends from—30.9 to—19.5; while 0.5 is made negative because the 
vertical series descends from—30.9 to—32;6.

• The computer who has to determine a large number of new stations 
by reference to a single pair of base stations can simplify his work by 
constructing a special table adapted to his particular value of B,—unless 
that value is measured by even thousands of feet. The special table 
will contain but two columns; one for values of a, and one for the corre­ 
sponding values of the thermic correction. The latter can be simply 
derived, by the aid of the interpolation columns, from one of the columns 
of the printed table. The special table need not extend beyond the 
range of actual values for a, and ordinarily will be very short. In using 
it the value of a will be the only argument.
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TABLE OF VALUES OF THERMIC TERM,
A (B—A)

D IJT FEET.

o=Ap-
iroximate
Altitude, 
m I'eet

— 5,000
4,900
4,800
4,700
4,600

— 4, 500
4,400
4,300
4,200
4,100

— 4, 000
3,900
3,800
3,700
3,600

— 3,500
3,400
3,300
3,200
3,100

— 3, 000
2,900
2,800
2,700
2,600

— 2, 500
2,400
2,300
2,200
2,100

— 2, 000
1,900
1,800
1,700
1,600

— 1, 500
1,400
1,300
1,200
1,100

— 1, 000
900
800
700
600

— 500
400
300
200
100

B= Vertical Base, mFeet

1,000

—62 6
60 3
58 1
55 9
53 7

—51 6
49 5
47 5
45 5
43 5

—41 6
39 7
37 9
36 1
34 4

—32 7
31 0
29 4
27 8
26 3

—24 8
23 4
22.0
20 6
19 3

—18 1
16 9
15 7
14 5
13 4

—12 4
11 3
10 4

9 4
8 5

— 7.7
6 9
6 1
5 4
4 7

— 4 1
3 5
2 9
2 4
1 9

— 1 5
1 1

• 0 8
0 5
0 2

1,000

2,000

—73 2
70 7
682
65 8
634

—61 1
58 8
56 5
54 3
52.1

—50.0
47 9
45 9
43 9
41 9

—40 0
38 2
36 3
34 6
32 8

—31 1
89 5
27.8
26 3
24 8

—23 3
21 8
20 5
19 1
17.8

—16.5
15 3
14 1
13 0
11 9

—10 8
98
8 8
7_9
7 0

— 6 2
• 54

4 6
3 9
3 2

— 2 6
2 0
1.4
0 9
0 4

2,000

3,000

-83 9
81 1
78.4
75 8
73 2

—70 6
68.1
65 6
63 2
60 8

—58.4
56 1
53 9
51 7
49 5

—W 4
45 3
43 3
41.2
39 3

—37 4
35.5
33 7
31 9
30 2

—28 5
26 8
25 2
23 7
22 2

—20 7
19 3
17 9
16 5
15,2

—13.9
12 7
11 5
10 4
9.3

— 8 2
7 2
6 2
5 3
4 4

— 3 6
2 8
2 0
1.3
0 6

3,000

4.000

—94 6
91 6
88 7
85 3
83 0

—80 2
77.5
74.8
72 1
69 5

—66 9
64 4
61 9
59 5
57 1

—54.8
62 5
50 2
48 0
45 9

-^13 8
41 7
39 0
37 6
35 7

—33 8
31 9
30.1
28 3
26 6

—24 9
2J.2
21 6
20 1
18 6

—17 1
15 6
14 2
12 9

5,000

—105. 3
102 1
98 9
95.8
92 8

—89 8
86 9
84 0
81 1
78 3

—75 5
72 7
70 0
67 4
64.8

—62.2
59 7
57 3
5*8
52 4

—50 1
47 8
45 5
43 3
41 2

-39 1
37 0
34 9
32 9
31 0

—29 1
27.2
25 4
23 6
21 9

—20 2
18 6
17 0
15 4

11 6 13 9

—10 3
9 1
7 9
6 8
5 7

— 46
3 6
2.7
1 7
0 8

4,000

—12 4
11 0

9 6
8 2
6 9

— 5 7
4.5
3 3
2.1
1 0

5,000

Additional Hundreds of Feet.

1

1 1
1 0
1 0
1 0
1 0
1 0
0.9
0 9
0 9
0 9

0.8
0 8
0 8
0 8
0 8

0.7
0.7
0 7
0.7
0 7

0 6
0 6
0 6
0 6
0 5

0.5
0.5
0 5
0 5
0.4

0.4
0 4
0 4
0 4
0 3

0 3
0 3
0 3
0 3
0 2

0 2
0 2
0 2
0 1
0 1

0 1
0 1
0 1
0 0
0 0

1

2

2.1
2 1
2 0
2.0
2 0

1 9
1.9
1 8
1 8
1 7

1.7
1 7
1 6
1.6
1 5

1 5
1 4
1 4
1 3
1 3

1 3
1 2
1 2
1 1
1 1

1 1
1 0
1 0
0 9
0 9

0.8
0 8
0 8
0 7
0.7

0.6
0 6
0 5
0 5
0.5

0 4
0 4
0 3
0 3
0 3

0 2
0 2
0 1
0.1
0 0

2

3

3 2
3 1
3 1
3 0
2 9

2 9
2.8
2 7
2 7
2.6

2 5
2 5
2 4
2.3
2 3

2 2
2 22'l

2 0
2 0

1 9
1 8
1 8
1 7
1 6

1.6
1.5
1 4
1 4
1.3

1.3
1 2
1.1
1.1
1 0

0 9
0 9
0 8
0.8
0 7

0 6
0 6
0 5
0.4
0 4

0 3
0 3
0 2
0 1
0 1

3

4

4 3
4 2
4 1
4 0
3 9

3 8
3 7
3 6
3 6
3 5

3 4
3 3
3 2
3 1
30

2 9
2 9
2 8
2 7
2 6

2.5
2 4
2 3
2 3
2 2

2 1
2 0
1 9
1 8
1 8

1 7
1 6
1 5
1 4
1 3

1.2
1.2
1 1
1.0
0 9

0 8
0 8
0.7
0 6
0 5

0 4
0 3
0 3
0.2
0.1

4

5

5 3
5 2
5 1
5 0

s4 9

4 8
4 7
4 6
4 5
4 4

4 2
4 1
4 0
3 9
3 8

3 7
3 6
3 5
3 4
3 3

3 2
3.1
2.9
2 8
2 7

2 6
2.5
2 4
2 3
2 2

2 1
2.0
1 9
1 8
1.7

1.6
1.5
1.4
1.3
1.2

1 0
0.9
0 8
0 7
0 6

0 5
0 4
0.3
0 2
0.1

5 '

6

6 4
6 2
6 1
6 0
5 9

5 7
5 6
5 5
5 3
5 2

5 1
5 0
4 8
4 7
4 6

4 4
43
4 2
4 1
3 9

3 8
3 7
3.5
3 4
3 3

3 2
3 0
2.9
2 8
2 6

2 5
2 4
2 3
2 1
2.0

1.9
1 8
1.6
1 5
1.4

1.2
1 1
1 0
0 9
0.8

0.6
0 5
0 4
0 2
0 1

6

7

7 5
7.3
7 1
7 0
6 9

6 7
6 5
6 4
6 2
6 1

5 9
5 8
5 6
5 5
5 3

5-2-

5 0
4 9
4 7
4 6

4 4
4 3
4.1
4 0
3 8

3 7
3 5
3 4
3.2
3.1

2 9
28

8

8 6
8.3
8 2
8 0
7 8

7 6
7 5
7 3
7 1
7 0

6 8
6 6
0 4
6 3
6 1

5 0
5 7
5 6
5 4
5.2

5 1
4 9
4 7
4 5
4 4

4 2
4 0
3 8
3.7
3.5

3.3
32

2 6 1 3. 0
2'5

2.3

2.2
2.0
1.9
1.8
1.6

1 5
1 3
1 2
1 0
0 9

0 7
0.6
0 4
0.3
0 1

7

2.8
2.7

2 5
2.3
2 2
2.0
1 8

1 7
1.5
1 3
1 2
1 0

0 8
0 7
0 5
0.3
0 2

8

9

9.6
9 4
9 2
9.0
8 8

8 6
8.4
8 2
8.0
7 8

7 6
7 4
7 2
7 0
6 8

6.6
6 5
6 3
6.1
5 9

5 7
5.6
5.3
5.1
4.9

4 7
4 5
4 3
4.1
4.0

3.8
3.6
3.4
3.2
3.0

2 8
2.6
2.4
2.2
2.1

1.9
1 7
1 5
1 3
1 1

0 9
0 8
0.6
0.4
0 2

9
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TABLE OF VALUES OP THERMIC TEUM, A (B-A)——5——'

a = Ap­ 
proximate 
Altitude, 
mFeet

— 5, 000
4,900
4,800
4,700
4,600

— 4, 500
4,400
4,300
4,200
4,100

— 4, 000
3,900
3,800
3,700
3,600

— 3, 500
3,400
3,300
3,200
3,100

— 3, 000
2,900
2,800
2,700
2,600

— 2, 500
2,400
2,300
2,200
2,100

— 2, 000
1,900
1,800
1,700
1,600

— 1,500
1,400
1,300
1,200
1,100

— ], 000
900
800
700
600

— 600
400
300
200
100

B=Vertical Base, in Feet

6,000

-116. 1
112 7
109 3
106 0
102.7

- 99 5
96.3
93 2
90 1
87.1

-84.1
81 1
78 2
75.3
72 5

-69 7
67.0
61.3
61 6
59 0

-56 5
54 0
51.5
49.1
46 7

- 44.4
42 1
39 8
37.6
354

- 33 3
31 2
29 2
27.2
25.3

23 4
21.5
19.7
17 9
16 2

-14.5
12.9
11 3
9 7
8.2

- 6.7
53
3.9
2.6
1 3

8,000

7,000

—120 9
123.3
119 7
116 1
112 6

—109 2
105 8
102 4

89 1
95 9

— 92 7
89 5
86 3
83.2
80 2

— 77 2
74 3
71.4
68 5
657

— 62 9
60 1
57.4
54.8
52.2

-40.7
47 2
44 7
42.3
89 9

— 37.6
35 3
33 0
30.8
28 7

-26 6
24 5
22 5
20 5
18.5

— 16 "6
14 8
13 0
11 2
9.5

— 7.8
6 1
4 5
3 0
1 5

7,000

8,000

—137 7
133 0
130 1
126 3
122 6

—119 0
115 3
111.8
108 2
104 7

—101 3
97.9
94 5
91 2
88.0

— 847
81 6
784
75 4
72 3

— 69 3
66 4
63 5
60.6
57 8

— 55 0
52.3
49 6
47 0
44 4

— 41 8
89 3
36 9
34 4
32.1

— 29 7
27 5
25 2
23 0
20 9

— 18 7
167
14 7
12 7
10.7

— 8.8
7 0
5 2
3.4
1 7

8,000

9,000

-148 6
144 6
140 5
136 5
132.6

-128 7
124 9
121 1
117 3
113.6

—109 9
106 3
102 8
99 2
95 7

— 92 3
88 9
85.6
82 3
79,0

— 75 8
72 6

.69 5
66 4
63 4

— 60 4
57.4
54 5
51 7

"48 9

— 46.1
43~ 4
40 7
38.1
ssTs

— 32 9
30 4
23 0
23.6
23 2

— 20 9
18 6
16 3
141
12 0

— 9.9
7.8
58
3.8
1 0

9,000

10, coo
—159 6

155 3
151.1
146.8
142 7

—138 6
134 5
130 5
126 5
122 5

—118 7
114 8
111 0
107 3
103 6

— 09 9
96 3
92 7
89 2
85 7

— 82 3
78 9
75 6
72 3
69.0

— 65.8
62 6
59 5
56 4
53.4

— 50 4
47 5
44 6
41 8

• 38.9

— 36 2
33 4
30 8
28.1
25.6

— 23 0
20 5
18 0
15 6
13 3

— 11 0
8 7
6.4
4 3
2.1

10, 000

Additional Hundreds of Feet.

1

LI
LI
1.0
1 0
LO
LO
1 0
0 9
0.9
0 9
0 9
0 8
0 8
0 8
0.8

0 8
0 7
0 7
0 7
0 7

0 6
0 6
0 6
0.6
0 6

0 5
0 5
0 5
0.5
0 5

0 4
0 4
0 4
0 4
0.3

0.3
0 3
0 3
0 3
0 2

0 2
0.2
0 2
0 1
o-. 1
0.1
0 1
0 1
0.0
0 0

1

2

2.2
2 1
2 1
2 0
2.0

1.9
1 9
1 9
1 8
1 8

1 7
1 7
1.6
1 6
1 6

1 5
1 5
1 4
1.4
1 3

1 3
1 2
1 2
1.2
1 1

1.1
1 0
1 0
0.9
0 0

0 9
0 S
0 8
0 7
0.7

0 6
0 6
0 6
0.5
0 5

0 4
0 4
0.3
0.3
0.3

0 2
0 2
0.1
0.1
0 0

2

3

3 3
3 2
3 1
3 1
3 0

2.9
2 9
2 8
2.7
2 7

26
2 5
2.5
2 4
2 3

2 3
2 2
2 1
2 1
2.0

1.9
•1 9
1 8
1 7
1.7

1.6
1 5
1 5
1 4
1 4

1 3
1.2
1 2
1 1
1 0

1 0
0.9
0 8
08
0 7

0 6
0 6
0 5
04
04

0.3
0 3
0.2
0.1
0 1

3

4

4.3
4.3
4.2
4.1
4 0

3 9
3 8
3 7
3.6
3 5

3.5
3.4
3 3
3 2
3.1

3 0
2 9
2 8
2 8
2.7

2 6
2.5
2 4
2.3
2 2

2.1
2 0
2 0
1 9
1 8

1 7
1 6
1.5
1.5
14

1 3
1.2
1 1
i 0
0 9

0 8
0 8
07
0.6
0 5

0 4
0.3
0 3
0 2
0.1

4

5

5 4
5 3
5.2
5 1
5 0

4 9
4 8
4 7
4 5
4.4

4.3
4 2
4 1
4.0
3 9

3 8
3 7
3.5
3.4
3 3

3 2
3 1
3 0
2 9
2.3

2.7
2 6
2 5
2.3
2 2

2 1
2 0
l.fl
1 8
1 7

1 0
1.5
1 4
1 3
1 2

1.1
0 9
0 8
0 7
0 6

05
0 4
0.3
0 2
0 1

5

6

6 5
6 4
6 3
6 1
6 0

5 9
5 7
5 6
5 5
5 3

5 2
5.1
4 0
4 8
4 7

4 5
4 4
4.3
4.1
4 0

3 9
3 7
3 6
3 5
3 3

3.2
3.1
3.0
2 8
2 7

2 6
2.4
2.3
2 2
2 0

1 9
1 8
1 7
1 5
1.4

1.3
1 1
1 0
0.9
0 8

0 6
0 5
0 4
0 2
0 1

6

7

7 6
7 5
7 3
7 1
7 0

6 8
6 7
6 5
6 4
6.2

6 1
5.9
5 7
5 6
5 4

5 3
5.1
5 0
4 8
4 7

4 5
4 4
4 2
4 1
3 9

3 7
3 6
3.4
3.3
3 2

3 0
2.9
2 7
2 6
2 4

2 2
2 1
1 9
1 8
1 6

1 5
1.3
1 2
1.0
0 0

0 7
0.6
0 4
0 3
0 1

7

8

8 7
8 5
8 4
8 2
8 0

7 8
7 6
7 5
7 3
7.1

6 9
6 7
6 6
6 4
6.2

6.0
5 9
5 7
5.5
5 3

5 2
5.0
4 8
4 6
4 5

4 3
4 1
3 a
3 8
3.6

3.4
3.3
3.1
2 9
2.7

2.6
2 4
2.2
2 0
1 9

1.7
L5
1.3
1 2
1.0

0.8
0.7
0 5
0 3
0 2

8

9

9?
9 6
9 4
9 2
9.0

8.8
8 6
84
8.2
8 0

7 8
7.6
7 4
7 2
7.0

6 8
6 6
6 4
6.2
6 0

5 8
5 6
5 4
5 2
5.0

4.8
4 6
4 4
4.2
4 0

3 8
3 7
3.5
3.3
3 1

2 9
2 7
2.5
2 3
2 1

1.9
1.7
1 5
1.3
1 1

0.9
0 8
0.6
0.4
0.2

9
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TABLE OF VALUES OF THBKMIC TERM,
A(B-A)— ̂- —— ', IN FEET.

a= Ap­ 
proximate
Altitude, 
in Feet.

+ 100
200
300
400
500

+ 600
700
800
000

1,000
+ 1, 100

1,200
1,300
1,400
1,500

+ 1, GOO
1,700
1,800
1,900
2,000

+ 2, 100
2,200
2,300
2,400
2,500

+ 2, 600
2,700
2,800
a, 900
3,000

+ 3, 100
3,200
3,300
3,400
3,500

+ 3, 600
3,700
3,800
3,900
4,000

+ 4, 100
4,200
4,300
4,400
4,500

+ 4, 600
4,700
4,800
4,000
5,000

B = Vertical Base, in Feet.

1,000

+ 02
0 3
0 4
0 5
0 5

+ 05
0 4
0 3
0.2
0 0

— 0 2
0 4
0 8
1 1
1 5

— 2 0
2 4
2.9
3 5
4 1

— 4 7
5 4
6 1
6.8
7.6

— 8.4
9 3

30 2
11.1
12 1

—13 2
14 2
15 3
16 5
17 7

—18 9
20 1
21 4
22 8
24 2

—25 6
27 0
28 5
30 1
31.6

—33.2
34 9
36.6
38.3
40 1

1,000

2,000

+ 0.4
0 7
1 0
1 3
1 5

+ 17
1 9
2 0
2 0
2 0

+ 20
1 9
1 8
1 7
1 5

+ 13
1 0
0 7
0 4
0 0

— 0 4
0 9
1 4
1.9
2 5

— 3 2
3 8
4 5
53

. 6 I
— 6 9

7 8
8.7
9 6

10 6
—11 6

12 7
13.8
14 9
16.1

—173
18 6
19 9
21 3
226

—24 0
25 5
27 0
28.5
30 1

2.000

3,000

+ 06
1 1
1 6
2 1
2 5

+ 29
3 3
3 6
3 9
4 1

+ 43
4.4
4 5
4 6
4 6

+ 46
4 5
4 4
4.3
4 1

+ 3.8
3 6
3 3
2 9
2 5

+ 21
1 6
1.1
0 6
0 0

— 0 6
1 3
2 0
2 7
3 5

— 44
5.2
6 1
7 1
8 1

— 9.1
10.2
11.3
12.4
13.0

—14.8
16 1
17.4
18 7
20 1

3,000

4,000

+ 08
1 6
2 3
3 0
3 6

+ 42
4 7
5 2
5 7
a 2

+ 65
6 9
7 2
7 5
7 7

+ 70
8 0
8 1
8 1
8 2

+ 81
• 8 1

8 0
7 8
7 6

+ 74
7.1
6 8
6 5
6 1

+ 57
5 2
4 7
4 1
3 5

+ 2.9
2 2
1 5
0 8
0 0

— 08
1.7
2 6
3 6
4 '6

- 5 6
0.0
7 8
8.9

10 1

4,000

5,000

+ 10
2 0
2 9
3 8
4 6

+ 54
6 2
6 9
7 6
8 2

+ 88
9 4
9 9

10 3
10 8

+11 2
11 5
11 8
12 1
12 3

+12 5
12 6
12 7
127
12 7

+12 7
127
12 6
124
12 2

+12 0
11 7
11 4
11 1
10 7

+10 2
9 7
9.2
8 7
ai

+ 75
6.8
6.1
5.3

, 4.5
+ 37

2 8
1.9
1.0
0 0

6,000

Additional Hundreds of Feet.

1

0 0
0 0
0 1
0 1
0 1

0.1
0 1
0 2
0 2
0.2
0.2
0 2
0 3
0 3
0 3
0 3
0.3
04
0.4
0.4
0.4
0.4
0 5
0.5
0.5
0 5
0 5
0.6
0.6
0.6

0.6
0 6
0.7
0 7
01

0 7
0.7
0.8
0 8
0.8
0 8
0.8
0 9
0 9
0.9
0 9
0 9
1.0
1 0
1 0

1

2

0 0
0 1
0 1
0 2
0 2
0.2
0.3
0.3
0 4
0 4
0 4
0 5
0 5
0 6
0 6
0 7
0 7
0 7
0 8
as
0 9
0.9
0 9
1.0
1 0
1.1
1 1
1 1
1.2
1.2
1.3
1.3
1 3
1 4
1 4
1.5
1 5
1 5
1 6
1 6
1.7
1.7
1 7
1 8
1.8
1 8
1.9
1.9
2 0
2 0

2

3 4

0. 1 0 1
0.1
0.2
0 2
0 3
0.4
0.4
0.5
0.6
0.6
0.7
0.7
0.8
0.9
0.9
1.0
1.0
1.1
1.2
1 2
1 3
1.3
1 4
1.5
1.5
1 6
1.6
1.7
1 8
1.8
1.9
1 9
2 0
2.1
2 1
22
2 2
2.3
2.4
2 4
2 5
2 5
2 6
27
2.7
2 8
2.8
2.9
2.9
3 0

3

0 2
0 2
0.3
0 4
0 5
0.6
0'7

0 7
0.8
0.9
1.0
1.1
1.1
1.2
1.3
1 4
1.5
1.6
1 6
1.7
1 8
1.9
1 9
2.0
2 1
2.2
2.3
2 3
2 4
2.5
26
2 7
2.8
2.8
29
3 0
3 1
3 1
3 2
3 3
3.4
3 5
3 5
3 6
3 7
3 8
3 8
3.9
4 0

4

5

0 1
0 2
0 3
0 4
0 5
0.6
0 7
0 8
0 9
1 0
1 1
1.2
1 3
1 4
1 5
1 6
1 7
1.8
2 0
2 1
22
22
23
2 4
2.5
2.6
27
28
2 9
3 0
3.1
3.2
3 3
34
35
3 6
3 7
3 8
3 9
4.0
4 1
4.2
4 3
44
4 5
4 6
4 7
4.8
4 0
50

5

6

0.1
0 3
0 4
0.5
0.6
0 7
0 9
1 0
1 1
1 2
1 3
1 5
1 6
1.7
1 8
2 0
2.1
2.2
2 3
2 5
2 6
2.7
28
2 0
3.0
3 2
3 3
3 4
3 5
3 6
3 8
3 9
4.0
4.1
4 3
4.4
4.5
4.6
4 7
4.8
5.0
5 1
5 2
5.3
54
5.5
5 7
6.8
5 9
6 0

6

7

0.1
0 3
0.4
0 6
0.7
0 9
1.0
1 2
1 3
1.4
1 6
1 7
1.9
2 0
2 2
2 3
2 4
2 6
2 7
2 9
3.0
3 1
3 3
3 4
3 6
3.7
3.8
4 0
4.1
4.3
4.4
4.5
4.7
4 8
5.0
5 1
5.2
5 4
5 5
5.7
6.8
5 9
6 1
6 2
6 3
6 5
6 6
67
6 0
7 0

7

8

0 2
0.3
0.5
0 7
0.8
1 0
1 2
1 3
1.5
1.6
1 8
20
2.1
2 3
2.5
2 6
2.8
2 0
3.1
3.3
34
3.6
3 8
3 9
4.1
4 2
4 4
4.6
4 7
4 9
5.0
5 2
5.3
5 5
5.7
5 8
6.0
6.1'6 3

6 5
6.6
6.8
6 9
7 1
7.2
7.4
7 5
7 7
7.9
8 0

8

9

0.2
0 4
0.6
0 7
0.9
1.1
1 3
1 5
1.7
1.8
2 0
2 2
2.4
2.6
2 8
3 0
3.1
3 3
3 5
3.7
3 9
4 0
4 2
4 4
4 6

4.7
4 9
5.1
6 3
5.5
5.7
6.8
6.0
6.2
6.4
6.5
6.7
6.0
7.1
7.3
7.4
7.B
7.8
8 0
8.1
8 3
8 5
8 7
8.8
9 0

9
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TABLE OF VALUES OF THERMIC TERM,
A(B — A)— i- —— '-, IX FEET.

o = Ap­ 
proximate 
Altitude 
in Feet.

+ 100
200
300
400
500

+ 600
700
800
000

1,000

+ 1, 100
1,200

" 1, 300
1,400
1,500

+ 1,000
1,700
1,800
1,900
2,000

+ 2, 100
2,200
2,300
2,400
2,500

+ 2, 600
2,700
2,800
2,900
3,000

+ 3, 100
3,200
3,300
3,400
3,500

+ 3, 600
3,700
3,800
3,'900
4,000

+ 4, 100
4,200
4,300
4,400
4,500

+ 4, COO
4,700
4,800
4,900
5,000

B = Vertical Base, In Feet

6,000

+ 1.2
2.4
3.5
4.6
6.7

+ 67
7.6
3.6
0 4

10 3

+11.1
11.8
iae
13 2
13.9

+14.4
15 0
15 5
16.0
1C 4

+16 8
17 1
17 4
17.7
17 0

+18 1
18.2
18 3
18 4
18 4

+18 3
18 3
18 2
18.0
17 8

+17 6
17 3
17 0
16 7
1C 3

+158
15 4
14 8
14 3
13 7

+13 1
124
11.7
10 9
10 1

6,000

7,000

+ 1.4
2 8
4.2
5 5
6 7

+ 79
9.1

10 2
11 3
12.4

+13 4
14 3
15 2
16.1
17.0

+17 8
13.5
19 2
19 9
20 5

+21 1
21 7
22 2
22. C
23 0

+23 4
23 8
24 1
24 3
24 5

+24 7
24 8
24 9
25 0
23.0

+25.0
24 9
24 8
24 6
24 4

+24 2
23 9
23 C
23 3
22 9

+22.4
21.9
21 4
20_920*3

7,000

8,000

+ 1.6
3.2
4 8
6 3
7.8

+ 92
10 6
11.9
13 2
14 5

+15 7
16.9
18 0
19 1
20 1

+21 1
22 1
23 0
23 9
247

+255
26 2
26 9
27 6
28 2

+28.8
2Q 4
20 9
30 3
30 7

+31 1
31 5
31 8
32 0
32 2

+32 4
32 5
32 6
32 C
32 7

+32 6
32.5
32 4
32 3
32.1

+31 8
31.5
31 2
30 9
30 5

8,000

9,000

+ 18
3 6
54
7 1
8 8

+10 4
12 0
13 6
15.1
1C 6

+18 0
104
20.7
22 0
23 2

+24 4
25 6
2C 7
27 3
28 8

+2D 8
30 8
31 7
32 6
33 4

+34 2
35 0
35 7
36 3
30 9

+37 5*
38 1
38 6
39 0
39.4

+39 8
40 1
40 4
40.7
40 9

+41 1
41 2
41.3
41 3
41 3

+41 3
41.2
41 1
40 9
40 7

9,000

10, 000

+ 21
4 1
6 1
8 0
9.9

+11 7
13 5
153
17 0
18 7

+20 3
21 9
23 4
24 9
26.4

+27 8
29 2
30 5
31 8
33 1

+34 3
35 4
36 5
37 6
38 7

+397
406
41 5
42 4
43 2

+44 0
44 7
45 4
46 1
46 7

+47 3
47 8
48 3
48 8
4D 2

+4D5
49 9
50.2
50.4
50 6

+50 8
50 9
51.0
51 0
51 0

10, 000

Additional Hundreds of Feet

1

0 0
0 0
0 1
0 1
0.1

0 1
0 1
0 2
0 2
0 2

0.2
0 3
0 3
0 3
0 3

0 C
0 4
0.4
0 4
0 4

0 4
0 5
0 5
0 5
0 5

0 5
0 6
0 C
0 6
0 C

0 6
0 7
0 7
0 7
0 7

0 7
0 8
0 8
0 8
0 8

0 8
0 D
0 9
0 9
0.9

0.9
1 0
1.0
1.0
1 0

1

2

0 0
0 1
0 1
0.2
02

0 2
0 3
0 3
0 4
0 4

0 5
0 5
0 5
0 C
O.C

0 7
0 7
0 7
0 8
0.8

0.9
0 9
1 0
1 0
1 0

1 1
1 1
1 2
1 2
1 2

1 3
1 3
] 4
1 4
1 4

1.5
1 5
1.6
1 6
1 6

1 7
1 7
1 8
1 8
1 8

1 9
1.9
2 0
2 0
2 0

2

3

0 1
0 1
0 2
0.3
0 3

0 4
0 4
0 5
0 6
0 C

0 7
0 8
0 8
0.9
0 9

1 0
1 1
1.1
1 2
1 3

1 3
1 4
1 4
1 5
1 6

1 C
1 7
1 7
1 8
1 9

1 9
2 0
2 0
2 1
2 2

2 2
2 3
2 3
2 4
2 5

2 5
2 C
2 7
2 7
2 8

2 8
2 9
2 9
3 0
3 1

3

4

0 1
0 2
0 3
0 3
0 4

0 5
0 6
0 7
0 8
0 8

0 9
1 0
1 1
1 2
1 2

1.3
1 4
1 5
1 C
1 7

17
1 8
1 9
2 0
2 1

2 2
2 2
2 3
2 4
2 5

2 C
2 6
2 7
2.3
2 9

3 0
3 0
3 1
3 2
3 3

3 4
3 4
3 5
3 G
3 7
3*8

3 8
3 9
4 0
4 1

4

5

0 1
0.2
0 3
0 4
0.5

0.6
0 7
0 8
0 9
1 0

1 1
1 3
1 4
1 5
1 6

1.7
1 8
1 9
2 0
2 1

2 2
2 3
2 4
2 5
2 6

2.7
2 8
2 9
3 0
3 1

3 2
3 3
3.4
3 5
3 C

3 7
3 8
3 0
4 0
4 1

4.2
4 3
4 4
4 5
4 G

4 7
4 8
4 9
5 0
5.1

5

C

0.1
0 3
0 4
0 5
0 6

0 7
0 9
1 0
1 1
1 3

1 4
1 5
1 C
1 8
1 9

2 0
2 1
2 2
2 4
2 5

2 C
2 7
2 9
3 0
3.1

3 2
3 4
3 5
3 6
3 7

3 9
4 0
4 1
4 2
4 3

4 5
4 C
4 7
4 8
4 D

5 1
5 2
5 3
5 4
5 5

5 7
5 8
5 9
6 0
6 1

7

0 2
0 3
0 5
0 6
0 7

0 9
1 0
1 2
1 3
1 5

1 6
1 8
1 9
2 0
2 2

2.3
2 5
2 C
2.8
2 9

3 1
3 2
3 3
3 5
3 0

3 8
3 9
4 1
4 2
4 3

4 5
4 0
4 8
4 9
5 1

5 2
5 3
5.5
5.C
5 8

5 9
6 0
6 2
C.3
6 5

C 6
C 7
CO
7 0
7.2

C|7

8

0 2
0 3
0 5
0 7
0 3

1 0
1 2
1 3
1 5
1 7

1 8
2 0
2 2
2.3
2 5

2 7
2 8
3 0
3 2
3 3

3.5
3 7
3 8
4 0
4 2

4 3
4 5
4.6
4 8
5.0

5.1
5.8
5.4
5.6
5.8

5.9
6.1
C S
0 4
C C

6 7
C.9
7 1
7 2
7.4

7 5
7 7
7.9
8 0
8 2

8

9

0 2
0 4
0 C
0 8
0 9

1 1
1 3
1 5
1 7
1 9

2 1
2 3
2.4
2 C
2 8

3 0
3 2
3 4
3.C
3 8

3 9
4 1
4 3
4 5
4 7

4.9
5.0
5.2
5.4
5 6

5.8
5.9
C.1
C.3
C.5

C 7
C.D
7.0
7.2
7.4

7.6
7.8
8.0
8.1
8 3

8 5
8 7
8 8
9 0
9.2

9



560 MEASURING HEIGHTS WITH THE BAROMETER.

TABU; op VALUES OF THERMIC TERM, A (B— A) — — -, IN FEET.

a = Ap 
proximate
Altitude, 
mFeet

+ 5, 100
5,200
5,300
5,400
5,500

+ 5, 600
5,700
5,800
5,900
6,000

+ 6, 100
6,300
6,300
6,400
6,500

+ 6, 600
6,700
6,800
6,900 
7,000

+ 7,100
7,200
7,300
7,400
7,500

+ 7, 600
7,700
7,800
7,900
8,000

+ 8, 100
8,290
8,300
8,400
8,500

+ 8, 000
8,700
8,800
8,900
9,000

+ 9, 100
0,200
9,300
9,400
9,500

+ 9, 600
9,700
9,800

' 9, 900
10, 000

B = Voi tical Baae, in Feet

1,000

-419
43 7
45 '6
47 5
49 5

-91 5
53 5
55.6
57 7
59 9

- 62 1
64 3
66.6
68 9
71 2

- 73 6
76 0
78 5
81 0 
83 5

- 86.1
" 88 7

91 3
94 0
96 7

- 99 5
102 3
105 1
108 0
110.9

—113. 9
116 9
119 9
122 9
126.0

—129. 2
132 3
135 5
138 8
142.1

-145.4
148 7
152 1
155 6
159.0

-102 5
166.1
169 6
173 2
176 9

1,000

2,000

— 31 7
33 4
35 1
36 8
38 6

— 40 4
42 2
44 1
46 C
48 J

— 50 0
52.0
54 1
56 2
58 4

— 60 6
62 8
65 1
67 4 
69 7

— 72 1
74 5
77 0
79 5
82.0

— 84.6
87.2
89 8
92 5
95.2

— 98 0
100 8
103 6
106 5
109,4

—112 4
115 4
118.4
121 4
124.5

—127 7
130 8
134 0
137.3
140.6

—143 9
147 2
150 6
154 1
157.5

2,000

3,000

-21.5
23 0
24 5
26 0
27 6

— 29 2
30 9
32.6
34 3
36 1

— 37 9
39.7"
41.6
43 6
45 5

— 47 5
49 6
51 7
CO O
Od O

55.9

— 58.1
60 3
62 6
64 9
67 2

— 69.6
72 0
74 5
77.0
79 5

-82 1
84 7
87 4
90.1
92 8

— 95.5
98 3

101 2
104 1
107 0

—109 9
112 9
115 9
119 0
122 1

—125 2
123 4
131.6
13J 8
138.1

3,000

4,000

— 11 3
12 6
13 9
15 2
16 6

— 18 0
19 5
21' 0
22 5
24 1

— 25 7
27 4
29 1
30 8
32 6

— 34 4
36 2
38 1

— 40 1 
42 0

— 44 0
46.1
48 1
50 3
52 4

— 54.6
50 8
59 1
61 4
63.8

— 66 2
68 6
71 0
73 5
76 0

— 78 6
81 2
83 9
SO. C
89 3

— 92 1
94 9
97 7

100 6
103 5

—106 4
109 4
112 4
115 5
118 6

4,000

5,000

— 1 0
2 1
3.2
4 3

- 5 5

— 6 8
,8.0

9 3
10 7
12 1

—13 5
15 0
16 5
18 0
19 6

—21 2
22.9
24 6
9fi 1iU O

28 1

—29 9
31 7
33 6
35 5
37.5

—39.5
41 0
43 7
45.8
47 9

—50 1
52 3
54 6
56 9
53 3

—61 7
64 1
66 5
69 0
71 6

—74 2
76 8
79 4
82.1
84 8

—87 6
90 4
93 2
96 1
09 0

5,000

Additional Hundreds of Feet

1

1 0
1 0
1 1
1 1
1 1

1 1
1 1
1.2
1 2
1 2

1 2
1 2
1 3
1 3
1 3

1 3
1 3
1 3

1 4

1.4
1.4
1 4
1 5
1.5

1.5
1 5
1 5
1 6
1 6

1.6
1 6
1.6
1 6
1.7

1 7
1 7
1.7
1.7
1 8

1 8
1 8
1 8
1.8
1 9

1 9
1 9
1 9
1 9
1 9

1

2

2 0
2 1
2 1
22
2 2

2 2
2 3
2.3
2 4
2.4

2 4
2 5
2 5
2 5
2 6

2 6
2 6
2 7

2 8

2 8
2 8
2 9
2 9
3 0

3 0
3 0
3 1
3 1
3.1

3 2
3.2
3 3
3 3
3.3

3.4
3 4
3 4
3 5
3.5

3 6
3 6
3 6
3 7
3 7

3 7
3 8
3.8
3 9
3 9

2

3

3 1
3 1
3 2
3 2
3 3

3 4
3 4
3 5
3 5
3 6

3 7
3 7
3.8
3 8
3 9

3 9
4 0
4.0

4 2

4 2
4 3
4 3
4 4
4 4

4 5
4 6
4 6
4 7
4.7

4.8
4 8
4 9
4 9
5.0

5 1
5 1
5.2
5 2
5 3

5 3
5 4
5 4
5.5
5 6

5 6
5 7
5 7
5 8
5 8

3

4

4 1
4 2
4 2
4 3
4 4

4 5
4 6
4 6
4 7
4 8

4 9
4 9
5 0
5 1
5 2

5 2
5.3
5 4
5.5 
5 5

5 6
5 7
5 8
5 8
5 9

6 0
0 1
6 1
6.2
6 3

6.4
6 5
6 5
6.6
6.7

6 7
6 8
6 9
7 0
7 0

7 1
7.2
7.3
7.4
7.4

7 5
7.6
7.6
7 7
7.8

4

5

5.1
5 2
5 3
5 4
5 5

5 6
5 7
5.8
5 9
6 0

6 1
6.2'

6 3
C 4
0 4

6 5
6 6
6 7
6 8 
6 9

7 0
7.1
7 2
7 3
74

7.5
7 6
7 7
7.8
7 9

8 0
8 1
8 2
8.2
8.3

8 4
8 5
8 6
8 7
8 8

8 9
9 0
9 1
9 2
9 3

9 4
9.5
9.5
9,6
9 7

5

6

6 1
6 2
6 4
6 5
6 6

6 7
6 8
a a
7 0
7 2

7 3
74
7 5.
7 6
7 7

7 9
8 0
8.1
8 961

8 3

8 4
8 5
8 6
8 8
8 9

9 0
9.1
9 2
9.3
9.4

9.6
9 7
9 8
9 9

10.0

10 1
10 2
10 3
10 5
10.6

10 7
10 8
10.9
11.0
11 1

11 2
11 4
11 5
11 0
11 7

6

7

7 2
7 3
7.4
7 6
7 7

7 8
8 0
8 1
8 2
8 4

8 5
8 6
8.8
8 9
9 0

9 2
9 3
9.4
9 6
9 7

9 8
10 0
10 1
10 2
10 4

10 5
10 6
10 7
10.9
11 0

11.2
11 3
11 4
11 5
11 7

11 8
11.9
12.1
12.2
12 3

12 5
12.6
12 7
12 9
13.0

13 1
13 2
13 4
13,5
13 6

7

8

8.2
8 3
8 5
8.6
8 8

9 0
9 1
9 3
9 4
9 6

9 8
9 9

10.0
10 2
10 3

10 5
10 6
10 8
11 0 
11.1

11 2
11.4
11.5
11 7
11 8

12.0
12 1
12 3
12 4
12.6

12 8
12.9
13 1
13.2
13 4

13.5
13.6
13.8
14.0
14 1

14.2
14.4
14 5
14 7
14 8

15 9
15 1
15.3
15 4
15.6

8

9

9 2
9 4
9 5
9 7
9 9

10.1
10 3
104
10 6
10 8

10 9
11 1
11 3
11.4
11 6

11 8
12 0
12 1
19 Q
[J O

12.5

12 6
)2 8
13.0
13 2
13.3

13.5
13 7
It. 8
14.0
14.2

14 4
14.5
14 7
14 8
15.0

15.2
15.3
15.5
15 7
15.9

16 0
16.2
16 4
16 6
16 7

16 9
17 0
17 2
17.4
17 5

9
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TABLE OP VALUES OF THERMIC TEItM,
A (B— A)—— - IN FltET.

a = Ap­ 
proximate
Altitude, 
in Feet.

+5, 100
5,200
5,300
5,400
5,500

+5, 600
5,700
5,800
5,900
0,000

+6, 100
0,200
6,300
6,400
6,500

+0,600
6,700
6,800
0,900
7,000

+7, 100
7,200
7,300
7,400
7,500

+7, 000
7,700
7,800
7,900
8,000

+8,100
8,200
8,300
8,400
8,500

+8,000
8,700
8,800
0,900
9,000

+8,100
9,200
9,300
9,400
9,500

+9, 600
9,700
9,800
9,900

10, 000

B = Vertical Base, in Feet

6,000

+ 9.3
8 4
7 5
6 6
5 6

+ 45
3.5
2 4
1 2
0 0

— ] 2
2 5
3 35 2'

6 6

— 8.0
9 4

10 9
12 5
14 1

—157
17 3
19 0
20.8
22 6

—24 4
20.2
28 1
30 0
32 0

-54 0
36 0
38 1
40.2
42 4

—44 6
46 3
49 1
51 4
53 8

—50 2
58 6
61 0
63.5
66 1

-63 7
71 3
73 9
76 6
79 4

6,000

7,000

+19 6
19 0
18 3
17 5
16 7

+15 9
15 0
14 1
13 1
12 1

+11 1
10 0
89
77
6 5

+ 53
4 0
2 7
1.4
0 0

+ 15
2 9
4 4
6 0
7.6

— 92
10 8
12 5
14.3
16.0

—17.8
19 7
21 6
23 5
25.5

—27 5
29.6
31 7
33 8
35.9

—33.1
40 4
42 7
45.0
47 3

—49 7
52.1
S4.6
57 1
59 6

7,000

8,000

+30.1
29 6
29 1
28 5
27 9

+27 3
26 G
25.9
25 1
24 3

+23.5
22 6
21.7
20.7
19 7

+18 7
17.6
16.5
15 3
14 1

+12 9
11 6
10.3

8 9
7 5

+ 61
4 6
3 1
1 6
0 0

— 1 6
3 3
5 0
6 7
8 5

—10 3
12 2
14 1
16 0
18.0

—20.0
22 1
24 2
2G 3
23.4

-30.6
32.9
35.2
37.5
39 8

8,000

9,000

+40.5
40 2
39 9
39 5
39 1

+38 7
38 2
37.7
37 1
36 5

+35 9
35.2
34 5
33 7
32 9

+32 1
31.2
30 3
29.3
28 3

+27 2
26 2
25.0
23 9
22.7

+21 4
20 2
18 8
17 5
10 1

+14 7
13 2
11 7
10 1

8 5

+ 69
5.2
3.5
] 8
0 0

— 1 8
3 7
5 6
7 5
9.5

—11.5
13 6
15.7
17.3
20 0

9,000

10, 000

+51.0
50 9
50 8
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504
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49 9
49 6
49 2
48 8

+48 3
47 8
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+45 5
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37 9
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35 7
34 6
33 5
32.3
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+24 2
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1 1
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1 9
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1.9
1 9
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1

2
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2 2
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2.3
2 3
2 4
2 4
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2.5
2.5
2 6
2.6
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2.7
2.7
2.7
2 8
2 8

2 9
2 0
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3 0
3 0

3 1
3 1
3 1
3 2
3 2

3 2
3.3
3.3
3 4
3 4

3.4
3.5
3 5
3 5
3.6

3.6
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3 7
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3 8
3 8
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4 0

2

3
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3 2
3 2
3.3
3 4

3 4
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3.5
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3 7
3.8
3 8
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3 9

4 0
4 1
4 1
4 2
4 2
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4.4
4 4
4 5
4 5

4 6
4 6
4.7
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4 9
4 9
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5 1

5.2
5.2
5 3
5 3
5.4

5.4
5 5
5 6
5 6
5.7

5 7
5 8
5 8
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6 0

3

4

4 2
4 2
4 3
4.4
4.5

4 6
4 6
4.7
4 8
4 9

4 9
5.0
5 1
5 2
53

5 4
5 4
55
5 6
5 7

5 7
5.8
5 9
6 0
6 0

6 1
6 2
63
6.3
6 4

6 5
6.G
6 6
6 7
6.8

6 9
6.9
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7.1
7 2
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7.3
7.4
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7 6

7 6
7.7
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7 9
7 9

4

5
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5 3
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5.7
5.8
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6.0
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6 2
6.3
6 4
6 5
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68
6 9
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7 1
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7 4
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7.7
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7.8
7.9
ao
8 1
8 2
8.3
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8.6
87
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8.0
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9 1
9 2
9.3
9 3
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9 5
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9.7
9 8
9 9

5

6

6 3
64
6 5
6 6
6 7
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7.3
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77
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7 9
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87
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9 2
9.3
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9.5
9.6

9.7
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10 0
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10.3
10.4
10.5
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10.8
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11 1
11 2
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11 5
1L6
11 7
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11 9

6

7

7.3
7 4
7.6
7 7
7 8

80
8 1
as
8.4
8.5

8.7
8.8
8.9
0.1
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9.4
9 5
9 6
98
9 9

10 0
10.2
10 3
10 4
10.6

10.7
10 8
10.9
11.1
11.2

1L4
11.5
1L6
11 8
11.9

12.0
12.2
12 3
12.4
12.6

127
12 8
13.0
13.1
13.2

13 4
13.5
13 6
13 8
13 9

7

8

8.3
8 5
8 7
8.8
9.0

9.1
9 3
9 4
9 6
9.8

9 9
10.1
10.2
10.4
10.5

10.7
10.8
11.0
11.2
1L3

11.5
11.6
11.8
11.9
12 1

12.2
12.4
12.5
12.7
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13.0
13.1
13.3
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13.0

13.8
13.9
14.1
14.2
14.4

14.5
14.7
14.8
15.0
15.1

15.3
15.4
15 6
15.7
15 9

8

9

9 4
9 6
9 7
9.9

10.1

10.3
10.4
10.6
10 8
11.0

11.2
11.3
11.5
11. T
11.9

12.0
12.2
12.4
12.6
12.7

12.9
13.1
13.3
13.4
13.6
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13.9
14.1
14.3
14.5

14.6
14.8
15.0
15.1
15.3

15.5
15.7
15.8
16.0
16.2

16.3
16.5
16.7
16.8
17.0

17.2
17.3
17.5
17.7
17 9

9
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SUPPLEMENTARY NOTE
ON THE ELIMINATION OF THE INFLUENCE OF WIND 

PRESSURE FROM BAROMETRIC OBSERVATIONS.

One result of the inquiry detailed in Chapter IV was the discovery 
that the pressure of the wind introduced a large error into the series of 
barometric observations made on Mount Washington in June, 1873. A 
northwest wind of 50 miles per hour, by drawing air out of the observ­ 
atory (presumably through the chimney), caused the mercury in the 
barometer to stand .13 inch too low. Since the power of the wind to 
produce such .effects is proportional, not to its simple velocity, but to 
the square of its velocity, it is evident that such a wind as the strongest 
observed at that station may utterly vitiate the record of the barometer. 
A wind with a velocity of 100 miles per hour would, under the same 
conditions, depress the barometer more than half an iucb; and, after 
making every allowance for inaccuracy of velocity determinations, it 
cannot be doubted that that station is frequently subjected to a wind 
of that speed. In hypsometry, a barometric error of one half inch 
affects the computed height 500 feet. In the plotting of isobaric maps, 
such as are daily prepared by the Weather Bureau of the Army, it dis­ 
places five of the curves, putting them on the wrong side of the station 
where the error is incurred, and correspondingly distorting the contours 
of storms.

Not all winds had this effect at Mount Washington. Perhaps none 
do in the present observatory, for the building now occupied is not the 
one in use in June, 1873. But the danger certainly exists, and it is in­ 
curred by all stations subject to high winds. If any such errors occur, 
even though comparatively small, they cannot fail both to retard the 
development of the science of storms and to add to the uncertainty of 
meteorologic prediction. It is therefore important that the difficulty be 
thoroughly met. How shall this be done ?

It is safe to say that it cannot be met by merely applying a correction 
to the reading of the barometer without attempting to control the con- > 
ditions to which it is exposed. To make such a correction efficacious, 
we should need to know not simply the general influence of the wind 
upon the tension of the air in each room used as a meteorologic observ­ 
atory, but the special influence of each particular wind, and this knowl­ 
edge would be in the highest degree difficult to obtain. If we had some 
standard for comparison it would be possible to observe the actual errors 
at each observatory, and from them to construct a table of corrections 
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applicable to the readings of the barometer; but while the wind blows, 
one barometer is as much a standard as another, since no room can be 
known to be exempt from the disturbing influence.

It follows that the conditions must be controlled. We must bring 
special apparatus to our aid and put the barometer in such relation to 
the wind that it will either record the normal pressure or else deviate 
from it by an ascertainable amount.

Three types of apparatus suggest themselves, each of which incloses 
the barometer in an air-tight case and connects the interior of the case 
with the outer air by means of a tube, the open end of which is made 
to assume a definite relation to the wind. If we exclude oblique posi­ 
tions from consideration, there are three relations which may be assumed 
by the tube. The aperture may be turned toward the wind (a in the 
diagram), it may be turned from the wind (c), or it may be directed at 
right angles to the course of the wind (6). It is evident that the wind 
will force air into the tube a, and thus increase the tension within the

tube; it is evident that it will draw air out
s'S,//'————————^- of the tube c, and thus diminish the tension

within; and it has been shown by the ex­ 
periments of Magius and Hagemann* that 
air is drawn also from the tube 6, so as to 
produce a diminution of tension. The in­ 
crease of tension in the tube a is equal to 
the horizontal force of the wind. Hage- 
mann's experiments indicate that the de­ 
crease of tension in the tube b is likewise 
equal to the force of the wind, but his 
demonstration is indirect, and perhaps 
should not be accepted without further ex­ 
periment. The tension in the tube c has 
not been investigated, but it is a priori 
probable that its deficiency as compared 

with the normal tension is equal to the excess produced in the tube a. 
The first suggested apparatus is as follows: Insulate a barometer 

from the air tension of the observatory, either by encasing the instru­ 
ment or by encasing its cistern, and establish a communication with the 
outer air by means of a tube exposed to the wind in one of the three 
indicated ways. If the tube & is selected, it will need merely to be 
directed upward and so placed with reference to surrounding objects 
that it will be exposed to none but horizontal air currents. If a or c 
is used, it must be joined to a vane in such way as to maintain a con­ 
stant relation to the direction of the wind. Whichever tube is employed, 
there must be placed near it an anemometer of. some sort. If the tube 
a is used, the pressure indicated by the barometer will be greater than

Flo 32—Diagram showing Rela­ 
tions of Tube Apertures to Wind 
The Arrow points the Direction to­ 
ward which the Wind is supposed 
to Blow.

" See reference on page 533.
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the normal pressure; if b or c is used, it will be less than the normal; 
and in either case the correction necessary to be applied to the reading 
in order to deduce the normal pressure will be derivable from the 
velocity or pressure of the wind, as given by the anemometer.

The second suggested apparatus uses two barometers instead of one, 
and discards the anemometer. The barometers are independently in­ 
closed. One of them is exposed to the wind by means of a tube of the 
form «, and gives a reading too high; the other is exposed to the wind 
by means of a tube like b or c, and gives a reading too low. The true 
reading, or the normal pressure, is evidently a function of the two 
abnormal readings, and is derivable from them.

The difference between the two readings depends upon the force of the 
wind, and may be made to serve as its measure. The second apparatus 
might therefore be used also as an anemometer.

In the third suggested apparatus a single barometer is made to com­ 
municate with the outer air by means of two or more apertures. Let 
us suppose that the tubes a and c are connected at bottom with a box 
which is otherwise closed. The wind forces the air into the box through 
the tube a, and draws it from the box through the tube c. The tendency 
of the inflowing air is to increase the tension in the box; the tendency 
of the outflowing air is to diminish it; and it is conceivable that the 
tubes can be so adjusted in size and form that the two influences shall 
neutralize each other, whatever the velocity of the wind, and leave a 
normal tension in the box. If this can be done, then a barometer put 
in communication with the box will record the normal atmospheric 
pressure, and its indication will require no correction. 

_ Neither apparatus can be qualified for its work without a preliminary 
series of experiments, but there seems no reason to question that, with 
suitable details, either of them may be made to serve the purpose. 
A number of precautions and mechanical devices have occurred to the 
writer, which need not be described, because they will readily suggest 
themselves to any competent person who undertakes the experimenta­ 
tion necessary to the development of an apparatus.

It is to be observed that the third plan is the only one which promises 
any relief to the itinerary observer, and that the best relief it can pos­ 
sibly afford is but partial. And this leads to the further observation 
that the disturbing influence of the wind is two-fold, and that only one 
factor of it can be counteracted by apparatus. Besides the abnormal 
tensions communicated to apartments through apertures, there is an­ 
other set of abnormal tensions, arising wherever the wind blows across 
an uneven surface. We may imagine that a level plain swept Iby a wind 
may sustain an equal pressure on every part, but if the continuity of 
the plain be interrupted by any projecting object, such as a hill or a 
house, an inequality of tension is produced. The atmospheric tension 
and pressure upon the windward side of the obstruction become abnor­ 
mally great, and upon the lee side abnormally small. This is an ine-
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quality dependent upon locality, and cannot be corrected by mechanical 
appliances. Theoretically, there seems no way to avoid it except by 
the selection of localities for observation, and that selection is a matter 
of difficulty. A fixed observatory is itself an obstruction to the wind, 
and even if there are no other buildings in its vicinity it must be sur­ 
rounded during a strong wind by a system of abnormal tensions. The 
mountain peak upon which the geographer has so frequently to read his 
barometer, and upon which he so often encounters a strong wind, is an 
obstruction of the most prominent kind. If he hangs his barometer on 
the windward side of the summit, he can be sure that his reading will be 
too high; if on the leeward side, that it will be too low; but there seems 
no possible way of selecting for observation a point subject to the nor­ 
mal pressure.

POSTSCRIPT ON GRAPHIC TABLE.

In the application of the table for the thermic correction,,pages 556- 
561, a double interpolation is frequently necessary; and a double inter­ 
polation is always inconvenient. It is especially irksome in this case 
because the total value of the correction is so small as compared with 
the altitude it modifies. An attempt has therefore been made to avoid 
it by the construction of a graphic table, but the latter was not com­ 
pleted in time for the first edition of the volume. It is here added in 
Plate LXII, and a few words are necessary in explanation.

Vertical distances in the graphic table represent heights of base line, 
or values of B in the formula. Their origin or zero is at the base of the 
diagram. A horizontal line is drawn at each hundred feet, and a stronger 
line at each thousand feet. The thousand-feet marks are numbered at 
the right.

Horizontal distances represent values (in feet) of the approximate - 
altitude—a of the formula—and each hundred feet is indicated by a 
vertical line. The zero line, or the origin of horizontal distances, is not 
at the margin of the diagram, but is between the middle and the right- 
hand margin, as indicated by the numbering at the bottom. Distances 
to the left of this line represent positive values of the approximate 
altitude, and distances to the right represent negative values thereof. 
The positive values run from 0 to 8,000 feet, the negative from 0 to 3,000 
feet.

Upon this reticle of straight lines a system of curves is drawn, and 
each curve represents a value of the thermic correction or thermic term,
A (~R_ \\

\ ni n ' of the formula. The curve which falls nearest to the zero 490000
line of approximate altitudes corresponds to a correction of J foot, the 
curve next it to a correction of 1J feet, the third to 2£ feet, etc. For
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every point between the first and second curves the correction is greater 
than £ foot and less than 1J feet, or, if fractions are disregarded, it is 1 
foot. So, for all points falling in the next space the correction is 2 feet, 
etc. The numbers on the upper and left hand margins apply to these 
spaces and show the values of the thermic correction corresponding to 
them. They are written opposite every fifth space, and the correspond­ 
ing spaces are given a tint for convenience in tracing across the page.

EXAMPLE ILLUSTRATING USE OP TABLE.

When B —7,210 feet and a = +2,570 feet, required the value of the 
thermic correction.

First, find by the aid of the right-hand index the horizontal line cor­ 
responding to 7,200 feet, then from the index at the base the line corre­ 
sponding to +2,600 feet. Trace them to their intersection. By inspec­ 
tion determine a point -jV of the ruled square above this intersection 
and -]%- of the ruled square to the right of it. This point indicates the 
intersection of the undrawn lines representative of the arguments 7,210 
feet and 2,570 feet. Note the relation of this point to the curved spaces ; 
the space containing it is next to one of the tinted spaces. Tracing the 
tinted space in either direction to the margin of the diagram its index 
is found to be +25 feet, and the iudex of the space next it is therefore 
+24 feet—the desired thermic correction.

If this same example Avere solved by means of the table on page 559 
the value 24.<f feet would be obtained, but the refinement implied by the 
definition of the tenths of a foot is a useless one, as has already been 
explained on page 450.

The computer who has to determine a large number of new stations 
by reference to a single pair of base stations, will find it advantageous 
to draw upon the graphic table a horizontal red line representative of 
his particular value of B. He will thus produce with a minimum of 
effort a one-argument table equivalent to that recommended on page 555.

This graphic table is in some sense an experiment. The idea, indeed, 
is not novel, but it has not been widely applied. It appears to the writer 
that a similar plan might advantageously be adopted for the tabulation 
of factors dependent upon two arguments whenever the arguments are 
large as compared with the tabulated factor; or rather, whenever the 
number of digits used to express each argument is large as compared 
with the number of digits used to express the dependent factor.
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